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FOREWORD

Scientific reports and documents published at the U. S. Army
Aeromedical Research Laboratory from June 1963 through April
1983 are included in this annotated bibliography of reports
dated April 1983. Requests for copies should be directed to
Defense Documentation Center, Cameron Station, Alexandria,

* Virginia 22314. Distribution is unlimited.
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USAARL REPORTS
Report Number

63-1 Noise problems associated with the operation of U.S. Army
aircraft, June 1963.

By Jimmy Hatfield and Donald Gasaway.

Describes and Illustrates basic, as well as unique, charac-
teristics of noise associated with the operation of Army
aircraft. Summarizes the important facts relative to haz-
ardous noise, its effects on man, the characteristics of
noise generators, noise reduction concepts, and future noise
problems. The purpose is to alert aviation medical officers,
flight surgeons, and physicians in the Army to this problem,
and provide guidance in those circumstances where a problem
of potentially hazardous noise exists.

64-1 A survey of internal and external noise environments in U.S.
Army aircraft, December 1963.

By Jimmy.Hatfield and Donald Gasaway.

Presents and describes representative internal and external
noise environments for each major type of Army aircraft dur-
ing normal operations. Measurements for all fixed-and rot-
ary-wing aircraft are classified, when appropriate, into
four major categories: ground operations, hovering flight,
normal, and maximum cruise conditions. The contributions
of major noise generators in each type of aircraft is dis-
cussed in detail.

65-1 .ir drop of ACD whole blood, July 1964.

By Charles I. Wabner

To evaluate the effects of air drop on ACD whole blood as a
relation to the plasma hemoglobin levels before and after
drop. Nineteen percent of the units of blood dropped were
fractured and unusable due to impact shock. Those units
remaining intact showed no significant elevation in plasma
hemoglobin. Present methods of packaging blood for aerial
drop are inadequate. Erythrocyte breakdown due to impact
forces is not lignificant.

65-2 Color vision deficiencies in Army fliers, April 1965.

By Robert W. Bailey
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Normal color vision has historically been an intrinsic part
of the physical standards maintained for military and civi-
lian aviators and aircrew members. This a priori require-
ment has not been challenged due to the abundant number of

applicants versus the number of such positions available.
There is no longer a surplus of such personnel.

In view of the percentage of the male population affected
by imperfect color vision, this standard contributes signi-
ficantly to the number of applicants rejected. An easement
of this standard could be immediately converted to a larger
number of otherwise qualified applicants.

This paper deals with a review of some color tests and a
testing procedure employed to determine the number of color
anomalous fliers in Army aviation. Data collected indicate
that this requirement may be unnecessary and that a new
philosophical approach is long overdue.

65-3 Noise spectra of the Bell OH-13-T helicopter, May 1965.

By Robert T. Camp, Jr..

Overall sound pressure levels were measured and an octave
band analysis was made of the internal and extecnal noise
of the Bell OH-13-T helicopter. The results of the tests
show that the noise level in the OH-13-T is not considered
to be significantly different than the levels that have been
recorded in the OH-13-H helicopter. Ear plugs and efficient
earmuffs or helmets will attenuate the noise to levels that

are considered to be safe fqr operations of long durations.

65-4 Noise spectra of the Turbo-Beaver, May 1965.

By Robert T. Camp, Jr., and Robert W. Bailey.

Sound pressure levels were measured in various positions
inside the Turbo-Beaver under various power conditions. A
comparison of these data with comparable available data
taken from measurements of sound pressure levels in the
U-6A shows that the overall level and the lower portion of
the spectrum in the U-6A had higher sound pressure levels.
The octave bands of the Turbo-Beaver's noise spectrum,

above the band centered around 500 cps, had higher sound
pressure levels.

66-1 Preliminary carbon monoxide measurements in armed helicop-
ters, March 1966.

By G. L. Hody and W. P. Schane.

The atmospheric concentration of carbon monoxide was mea-
sured in the cabins of UH-IB and CG-47A helicopters during
weapons firing. These measurements are of interest not
only because of the high toxicity of carbon monoxide but

2
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also as an indication of significant cabin air contamination
with weapons exhaust (which contains a high concentration of
carbon monoxide).

Concentrations of carbon monoxide as high as 1,000 PPM
(0.1%) were noted to persist as long as sixty seconds after
the firing of certain of the weapons. Subjective respira-
tory symptoms were also noted.

These findings point out the need for determination of wea-
pons exhaust composition and development of suitable analy-
tical methods for measuring carbon monoxide in test heli-
copters. The development of rugged, sensitive instruments
with rapid response is needed. Additional consultation as
well as laboratory research is planned.

66-2 Evaluation of two vibration insensitive catalytic detectors
f or carbon monoxide, March 1966.

By G.L. Hody and R.L. Keiser.

The sensitivity, speed of response, and temperature stabi-
* lity of two catalytic (hopcalite) carbon monoxide detectors

were measured. This work was performed as part of an eval-
uation of cabin atmosphere contamination in armed helicop-
ters. The results were compared with requirements establi-
shed on the basis of preliminary field studies. The de-
vices tested do not meet these requirements primarily be-
cause of slow response but modifications utilizing heat
transfer principles may result in sufficient improvement.

Because of the compactness as well as the shock and vibra-
tion resistance of these systems, further attempts will be
made to develop design changes which will bring the speci-
fications within the ranges desired. Results of these
tests should not be interpreted as demonstrating inadequacy
of the instruments when used as originally intended.

66-3 Combat aircrew debriefing. Report I (Personal interviews
with non-medical pilots), March 1966.

By R. A. Avner.

As the initial step in a long range debriefing program, 50
Army aviators with recent combat experience were interviewed.
A brief resume of information received in areas of environ-

2. mental health, protective equipment and clothing, communi-
c;ations, s'rvival equipment, medical equipment, medical
.vacuatO training, and morale is reported.

66-4 F- . uatiLvn of "Tuffy" air lock container for free-fall
delivery of whole blood, April 1966.

By L.E. Spencer and M.S. Nix, Jr.
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The purpose of this study was to evaluate the ability of

the "Tuffy" air lock bag to protect blood during free fall
delivery. The air lock bag appears to be adequate for free-
fall delivery of liquid filled glass and molded polyethy-
lene containers.

66-5 Some crew space measurements in Army aircraft, May 1966.

By W.P. Schane and K.E. Slinde.

Measurements were made in the cockpits of every type of

aircraft presently in the U.S. Army inventory, and in most
prototype aircraft scheduled for delivery to the U.S. Army

through FY 1970.

From these measurements it appears that a pilot of standing
height greater than 76 inches or sitting height greater than
38 inches would be unable to comfortably and safely pilot
many U.S. Army aircraft. This applies particularly :o the
aircraft used in both fixed and rotary wing pilot training.

66-6 Real-ear sound attenuation characteristics of thirty-six
ear protective devices, May 1966.

By Robert T. Camp, Jr..

Real-ear attenuation characteristics of 36 ear protective
devices have been summarised. Quartile values in decibels
of QI through Q 3 and deciles DI through D9 for each of
eight test frequencies are given in addition to the charac-
teristics of individual devices. This recapitulation of

attenuation data taken from measurements of all types of
devices such as earplugs, earmuffs and helmets reflects the
limits of the progress of attenuation efficiency since the
early 1950s.

66-7 Expected injury rates for experimental airborne operations,

June 1966.

By R.A. Avner.

Probability of injury for Army paratroopers under conditions
of full combat load and unprepared drop zone was estimated
to be .006 (standard error equals .002, N equals 5,253).
Tables were computed to allow tests of departure from this

rate under experimental conditions involving up to 50
jumpers.

67-1 Comment on correlation coefficient use, July 1966.

By R.A. Avner.

In computing the Pearson r, observations are identified on
a nominal scale. The values assigned these observations
are measured on a ratio of interval scale. Confusion of
these two facts has led to the mistaken assumption that the

4
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Pearson r can measure degree of association between nomi-
nally measured variables.

67-2 Physiological training of HALO parachutists, September 1966.

By W.P. Schane.

Reviews the environment in which a HALO parachutist oper-
ates, indicates some areas in training which deserve special
attention, and makes some specific operational recommenda-
tions which, if adopted, would reduce the possibility of
injury or disease caused by the man-environment interaction.

67-3 Loading of litter patients in Army aircraft, October 1966.

By J.C. Rothwell and R.A. Avner.

Two types of aircraft, the CV-2 "Caribou" and the CH-47
"Chinook", are presently available for medical evacuation
of relatively large loads (14 and 24 litters respectively)
from minimally prepared landing sites. This report indi-
cates maximum rigging times for conversion of these air-
craft to ambulance use, optimal crew sizes for minimum load-
ing times, and some suggestions for loading methods and
design of future large medical evacuation aircraft.

67-4 A rapid timing sequence for toxic gas sampling, November
1966.

By G.L. Hody and H.W. Huffman.

As part of a study of toxic hazards, it is necessary to ob-
tain samples of gases given off by rapid fire weapons and
fast burning rocket motors. A solid state instrument was
designed which can program solenoid valves for this purpose.
The configuration chosen provides three individually adjust-
able interval timers. Each can be delayed from 25 to 5,000
milliseconds after firing of weapons, and can remain on for
30 to 4,000 milliseconds.

The very short sampling times which are available enable
acquisition of gas samples at pressures considerably below
ambient, if this is desired to protect analytical instru-
ments or to minimize chemical interactions in the sample.
By adjustment of R-C time constants, the time range can be
extended further to provide a versatile tool for future
timing applications. Circuit details and performance data
are presented.

67-5 Approach to the evaluation of toxic hazards from weapons

17 exhaust in armed helicopters, November 1966.

By G.L. Hody.
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The complexity of flying and the environmental stresses en-
countered by pilots in armed helicopters are continuing
challenges. Under such difficult conditions any interfer-
ence with mental or sensory capabilities of the pilots can
be reflected in an increased casualty rate. Helicopter
mounted weapons release a toxic exhaust which could disturb
vision and hearing and might adversely affect reaction time
and the reasoning process.

A brief exploratory study confirmed the impression that the
weapons exhaust can reach the crew in measurable conceihtra-
tions. An objective assessment of the hazard is obviously
needed before costly or inconvenient corrective measures
need be considered. A careful search failed to reveal
existing methods for the required evaluation which involves
continuous measurement of rapidly changing contaminant con-
centrations in a confined and vibrating environment.

An experimental program designed to explore a technique for
meeting the operational requirement is being implemented in
cooperation with the Air Force Rocket Propulsion Laboratory.

While the potential for a hazardous situation is very real
in all armed aircraft, the concern is with the new, experi-

mental helicopters, equipped with multiple rapid fire wea-
pons systems, in addition to those armed helicopters now
deployed in the field.

67-6 Sound attenuation characteristics of the Army APH-5 hel-
met, February 1967.

By Robert T. Camp, Jr. and Robert L. Keiser.

An evaluation of the real-ear sound attenuation character-
istics of the Army APH-5 Crash Protective Helmet was done
with procedures and equipment specified by ASA Z24.22-1957.

The results show that the APH-5 offers high attenuation be-
tween 75 and 2,000 Hz. In view of the poor sound attenua-
tion characteristics of the APH-5, it has been recommended
that the present earmuffs be replaced by a helmet with high
sound attenuation characteristics.

67-7 Continuous EKG recording during free-fall parachuting,
June 1967.

By W.P. Schane and Kenneth E. Slinde.

This study is an attempt to determine heart rate and rhythm
of experienced parachutists during free-fall and during the
periods immediately before and after the jumps. It includes
enough subjects so that statistical inferences can be made
regarding a population of experienced parachutists.

6
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Continuous EKG readings were made of 29 experienced para-
chutists while each participated in free-fall parachuting
exercises. A total of 98 individual exits fr)m aircraft in
flight were recorded. Mean R-R interval was 0.403 seconds
just prior to exits from the aircraft, 0.363 seconds during
freefall, 0.336 seconds immediately after parachute opening,
0.369 at landing, and 0.465 five minutes after landing.

Although there was variation in the R-R interval among in-
dividuals, the progressive decrease of R-R interval through-
out the exit and freefall with a nadir at parachute opening
was the common thing. There is marked individual difference

in the duration of tachycardia before and after jumps. Over
the entire group, mean duration per subject was 19.4 minutes
of tachycardia prior to exit, and 30.4 minutes of tachy-
cardia after parachute opening.

In the individual who made at least 2 jumps on any one day,
the R-R intervals measured on a single individual on the

first and second jumps were remarkably similar, and within
the group not statistically different. A correlation mat-
rix was computed to show relationships between various para-
meters studied. The correlation between R-R interval and
total number of jumps was opposite in direction to that
which was expected, and nearly attained values that were
statistically significant.

67-8 Sound attenuation characteristics of the Navy SPH-3 (Modi-

fied)(LS) helmet, May 1967.

By Robert T. Camp, Jr. and Robert L. Keiser.

An evaluation of the real-ear sound attenuation character-
istics of the Navy SPH-3 (Modified)(LS) helmet was done
with procedures and equipment specified by ASA Z24.22-1957.
The results show that the SPH-3 (Modified)(LS) is a rela-

tively efficient attenuator of sound throughout the audio
spectrum. In view of the poor sound attenuation character-
istics of the Army APH-5, it has been recommended that this
helmet be replaced by the SPH-3 (Modified)(LS).

67-9 An improved C-ration sleeve litter, May 1967.

By V.V. Villa and W.P. Schane.

A field expedient litter improvised from discarded C-ration
sleeves and two sturdy poles has been laboratory tested and
found to be worthy of field use,

67-10 The measurement of the exhaust composition of selected
AFRPL-TR- helicopter armament, June 1967.
67-203 By R.P. Scharf, B.B. Goshgarian, H.M. Nelson, and

G.L. Hody.

7
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Crew members of armed helicopters are exposed to exhaust

products of rapid fire machine guns and rockets. The ex-
haust composition of the weapons, needed for toxic hazard
prediction, is difficult to obtain. In a joint Army-Air
Force exploratory study, methods of analysis were evaluated
and exhaust compositions for the .50 caliber and 7.62mm
machine gun and the 2.75" rocket were determined. A rapid
scan infrared spectrophotometer was used for immediate ex-
amination of effluent gases in order to detect reactive
species. The exhaust gases were analyzed at concentrations
as high as 1000 times those present in helicopters to mini-
mize the chance of missing any significant toxic product.
A qualitative and quantitative analysis of gas phase and
aerosol components is given. It may well be that the pro-
portion of carbon monoxide in the exhaust is so high that
permissable exposure times can be selected on the basis of
its concentration alone while still limiting exposures to
all other toxic materials to safe levels. However, signi-
ficant amounts of nitrogen dioxide, ammonia, carbonyl sul-
fide. hydrogen cyanide, lead and copper were found. Their
contribution to the toxicity of the weapons exhaust is now
being evaluated and will be reported in a subsequent paper.

68-1 Development of a scheme for increasing helicopter conspic-
uity, September 1967.

By James A. Bynum.

Six paint designs were applied to top surfaces of heli-
copter rotors to assess value as an aid of conspicuity.

Stimuli were presented to 40 aviators by the method of pair
comparisons in actual flight tests and rankings were ob-
tained. Data analysis indicated as first choice a scheme
incorporating glass white, flourescent red-orange, and
black.

68-2 Improving helicopter conspicuity through the use of painted
main rotor blades, October 1967.

By John K. Crosley, Robert W. Bailey, and M.S. Nix, Jr..

An in-flight study was conducted to determine the effect of
four paint schemes, applied to the main rotor blades of
UH-lD helicopters, upon helicopter conspicuity. Twenty-
three observers made a total of 138 comparisons of paired
aircraft. The preferred scheme incorporated white, red-
orange flourescent, and black paints.

68-3 Effects of downwash upon man, November 1967.

By W. P. Schane.

The threats imposed upon man by helicopter and VTOL down-
wash are explored. Information is derived from (1) refer-

b°- "
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ence material, (2) mathematical calculation, (3) individual
data collection, and (4) personal experience. Eight types
of threat are explored in some detail, and conclusions are
drawn concerning needs for protection.

• 68-4 Analog nystagmus analyzer, December 1967.

By George W. Beeler, Jr..

Rapid to-and-fro movements of the eye are classified as
nystagmus. This movement is usually the consequence of re-
flex excitation of the extra ocular muscles associated with
stimulation of the semicircular canals. An analog nystag-
mus analyzer is described that can produce continuous infor-
mation concerning the duration, amplitude and slow-phase

velocity of each nystagmic beat during experiments involv-
ing the vestibular apparatus.

68-5 Ganglion cell response characteristics from the area cen-
tralis in the intact eye of the cat, February 1968.

By R.H. Steinberg.

Ganglion cell responses were recorded with microelectrodes

from the intact eye to focused spots and annuli of light
delivered by a dual-beam opthalmoscope. Only concentri-
cally organized circular receptive fields were analyzed.
Thresholds for optimal center and surround stimuli were

approximately equal, as were the latencies of on-responses
from the center and surround. With whole-field stimulation
center-dominance was a function of light intensity. Off-
responses and center-surround interaction were observed
with brief flashes (msec, lOmsec). With increases of flash
duration, the duration of the on-response did not increase
by the full increment of the flash until the flashes were

50 to 80 msec. At high flash-intensities the on-response
extended into the off-period and the off-response weakened

and disappeared; it occurred with both on-excitation and
on-inhibition and for the responses of both center and sur-
round. These intensity effects were also studied in an
intracellular recording; at high intensities the rate of
repolarization of the postsynaptic potential decreased and

. the latency of repolarization was delayed.

68-6 Sound attenuation characteristics of the Navy BPH-2 helmet,

March 1968.

By Robert T. Camp, Jr..

An evaluation of the real-ear sound attenuation character-

istics of the Navy BPH-2 helmet was done with procedures
and equipment specified by ASA Z-24.22-1957. The results
show that the BPH-2 has acoustical characteristics superior

to the standard Army APH-5 at frequencies from 125 Hz

9
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through 1000 Hz. In view of the high attenuation in the
speech communications spectrum, it is recommended that this
helmet be considered for use by the U.S. Army.

68-7 Tinted windscreens in U.S. Army aircraft, March 1968.

By John K. Crosley.

A spectrophotometric analysis was performed on the tinted
windscreen of the U.S. Army AH-lG helicopter. The results
of this test, considered in conjunction with the conclu-
sions of other researchers working with both aircraft and
automobile tinted windshields, have led to the recommenda-
tion that no tinted media should be positioned between the
pilot and his normal field of view during heavy overcast
days, at twilight, or at night.

68-8 Environmental factors affecting the performance of infrared
NAMI C02 analyzer and the estimation of alveolar C02 tension,
1034 March 1968.

By Pei Chin Tang.

Theoretical equations were derived from known physico-chemi-
cal laws to determine the effects of room temperature and
barometric pressure on the performance of the infrared type
of C02 analyzer. They were tested first experimentally and
then against empirical equations derived from the Godart
nomogram. These equations were found to be valid and use-
ful in the estimation of the fractional concentration of
C02 of gas mixtures under various environmental conditions.

Minimal gas temperature recorded with a thermistor probe at
the inlet of the analyzer was used to estimate the water
vapor pressure of gas samples in the analyzer chamber. This
method was experimentally found to be valid in estimating
C02 fractional concentrations of heated wet gas mixtures.
It was used to estimate the alveolar C02 tension of human
subjects with various end-tidal sampling methods. Methods
used by others with this type of analyzer are discussed.

68-9 A triaxial accelerometer module for vestibular application,
NAMI May 1968.

~1040 1040 By W.C. Hixson.

A brief description is given of a 6-channel instrumentation
module developed for collection of preliminary acceleration
data for the a priori determination of optimal characteris-
tics for transducers to be installed permanently on various
aircraft and man-rated research devices for the measurement
of vestibular-significant acceleration stimuli. The module
utilizes three linear and 3 angular accelerometers, all of
the standard, commercially available, servo-type, to mea-

1.)
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sure the triaxial linear and triaxial angular accelerations,

along and about, respectively, the roll, pitch, and yaw axes

of the test device or vehicle. Signal conditioning ampli-
fiers equipped with feedback circuitry to facilitate in-

flight adjustment of gain and high-frequency rolloff charac-
teristics are provided for optimal utilization of the dyna-
mic range capabilities of magnetic tape data storage record-
ers. Though the instrument is used primarily to collect

acceleration data in the 0-5 cps spectrum, the linear chan-
nels can also be used in determining vibration levels in
the 0-100 cps range.

68-10 Instrumentation for measurement of vestibular-significant
forces in helicopters, May 1968.

By W.C. Hixson and J.l. Niven.

The report describes an airborne instrumentation system
developed at minimal cost from standard commercially avail-
able components for the in-flight acquisition and storage
of helicopter low-frequency motion data pertinent to the
investigation of vestibular-related pilot disorientation.
System components provided to measure and record the instan-
taneous triaxial linear acceleration and instantaneous tri-
axial angular velocity of the aircraft at a given crew

station include three potentiometer readout linear acceler-
ometers, three similar gimballess rate gyros, six signal-
conditioning amplifiers, and a 7-channel battery-powered,
IRIG-compatible, magnetic tape recorder.

68-11 Painted helicopter main rotor blades and flicker-induced

vertigo, June 1968.

By James A. Bynum and John A. Stern.

Painting the main rotor blades of UH-I helicopters led to
the question of the possibility of flicker-induced vertigo
in formation flights involving these helicopters. In the

first of two experiments designed to answer the question,
subjective responses of 38 instructors and students were
obtained and evaluated after their participation in forma-
tion flights in helicopters with painted blades. In the
second experiment, 10 student pilots were screened from a
group of 37 on the basis of their psychophysiological and
subjective responses to photic stimulations in the labora-

tory. These ten then flew in formations while EEC, EOG,
and eye blink data were recorded during the flight and they
were debriefed immediately following the flight. Results

of both experiments did not indicate the painted blades to

be a source of flicker vertigo.

69-1 User evaluations of two aircrew protective helmets. August
1968.

L1
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By James A. Bynum.

Two aircraft protective helmets were evaluated by 24 in-
structor pilots who were divided equally into groups sub-
jected to three ambient noise environments. Pilots rated

the Army APH-5 and the SPH-3X (Experimental) on eight cate-
gories designed to assess relative comfort, acceptability,
and noise attenuation. Ratings were compared, using a
Split-Plot Factorial Analysis of Variance. Significant
differences were found between helmets on 7 of the 8 char-
acteristics rated and results favored the SPH-3X in 6
characteristics.

69-2 Selected anthropometric measurements of 1640 Warrant Offi-
cer Candidate flight trainees, February 1969.

By W.P. Schane, D.E. Littell, and C.G. Moultrie.

The results of nine anthropometric measurements conducted
upon 1,640 U.S. Army warrant officer candidates are pre-
sented. The nine measurements were selected as those which
contribute most to aircrew workspace design in aircraft.
Comparison of these data was performed against similar mea-
surements conducted upon flying personnel in five separate
studies by other military services.

69-3 An evaluation of ophthalmic plastic (CR-39) lenses in the
U.S. Army aviation environment, February 1969.

By John K. Crosley, Robert W. Bailey, and Frank H. Fischer.

Thirty rated U.S. Army aviators with various types of re-
fractive errors were selected to wear-test both clear and
tinted plastic (CR-39) ophthalmic lenses for a period of
six months. Subjective evaluations were made in the areas
of impact resistance, scratch resistance, weight, optical

clarity, comfort, cleaning ease, resistance to breakage,
and accumulation of foreign material. User acceptance was
quite good. Lens scratching was not found to be a signifi-
cant problem. Favorable recommendations are made concern-
ing the general use of plastic ophthalmic lenses for U.S.
Army aviation personnel.

69-4 The somatic chromosones of the Mongolian gerbil (Meriones
NAMT unguiculatus), January 1969.
1056

By Steven P. Pakes.

This study was initiated to characterize the somatic chro-
mosomes of the Mongolian gerbil (Meriones unguiculatus)
prior to conducting experiments concerned with the effects
of various environmental factors encountered in space

flight on mammalian chromosomes.

i
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From the study of bone marrow cells afte~r intraperitoneal

injection of colchicine, it was determined that the dip-

loid number of chromosomes for the Mongolian gerbil is 44.

The karotype was constructed by arranging the chromosomes

into four distinct groups and includes 32 meta- or sub-
metacentric and 10 acrocentric autosomal chromosomes. The
X element was identified as a large submetacentric chromo-
some and the Y element as a medium-sized-submetacentric

chromosome.

69-5 Continuous EKG recording of helicopter instructor pilots:

An interim evaluation, April 1969.

By William P. Schane.

Fifty-three instructor pilots were studied with one lead

of EKG for a full work day. Mean heart rates were tabu-
lated from the record during: administrative work (87.2
beats per minute), automobile driving (85.5 beats per min-
ute), eating (90.1 beats per minute), and flying (92.0

beats per minute).

Using Tukey's multiple comparison of means, significant
differences were found between heart rates during flying
and heart rates noted while driving, and while performing
administrative duties.

Means of "lowest heart rate recorded" and "highest heart
rate recorded" for each subject were reported (means of
71.8 and 140.4 respectively). The activities in which the
subjects were engaged at the time are reported.

There were no regular schedules of physical training or
sports participation by 71.7% of the subjects. An 11 x 11
correlation matrix indicates only that subjects who have
high heart rates during one activity will have comparably
high heart rates during all activities, and vice versa.

Four of the 53 subjects showed arrhythmias at some time

during the recording; one had 38 unifocal ventricular pre-
mature contractions during the recording period; three had

atrial premature contractions.

69-6 Dynamic response of the head and neck of the living human
NAMI to -Gx impact acceleration. 1. Experimental design and

1064 preliminary experimental data, March 1969.

By Channing L. Ewing, Daniel J. Thomas, George W. Beeler,
Lawrence M. Patrick, and David B. Gillis.

Under the direction of the principal author, a joint Army-
Navy research study, in cooperation with Wayne State Uni-
versity, is underway to determine the dynamic response of

4the head and neck of living human subjects to -Cx impact
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acceleration, using transducers to measure differential
displacements and differential angular and linear accel-
erations of the head with reference to the base of the
neck in response to the input acceleration measured at

that point. A redundant photographic data system is be-
ing used for validation. Preliminary results are pre-

sented.

69-7 Assessment of semicircular canal function: 1. Measure-
NAMI ments of subjective effects produced by triangular wave-
1073 forms of angular velocity, June 1969.

By Fred E. Guedry, Gale G. Owens, and Joel W. Norman.

Two methods were compared for measuring subjective angu-
lar displacement produced by triangular waveforms of

angular velocity while subjects (N equals 11) were enclosed
in a vertical-axis rotation device that excluded visual and
auditory cues of angular motion. Accuracy of subjective
estimates was influenced by the methods and by the magni-
tudes of the acceleration comprising the stimulus wave-
forms. Results suggest that one of the methods, with
slight modification, will provide reliable indication of
the subjective effects of controlled semicircular canal
stimulation. A follow-up experiment, reported separately
as Part II, deals with this modification.

69-8 Autonomic responses to vestibular stimulation, April 1969.

NAMI
1066 By Pei Chin Tang and Bo E. Gernandt.

Decerebrate, paralyzed cats were used to determine some
autonomic effects of vestibular stimulation and to estab-
lish through which peripheral links this vestibulofugal
activity was transmitted. Vestibular stimulation increas-
ed both rate and depth of respiration, as demonstrated by
phrenic and recurrent laryngeal nerve recording, and a
marked elevation in blood pressure accompanied this effect.
When the strength of stimulation was reduced and the evoked
respiratory effecL weak or questionable, the stemic blood

pressure declined. Vestibular stimulation elicited strong
responses from the neck vagus nerve, but this vestibulo-
vagal activity was found to be conducted exclusively in
the recurrent laryngeal nerve and not in the vagus nerve
proper Only the sympathetic portion of the autonomic
system responded to vestibular stimulation, thus providing
vestibular impulses a channel for reaching different ef-

fector organs. The responses obtained from the neck sym-
pathetic nerve were analyzed and their characteristics
described.

14
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69-9 Evaluation of the human body as an airfoil, May 1969.

By W.P. Schane and Dean Borgman.

Five subjects were used to determine the lift and drag
characteristics of the human body held in a tracking atti-
tude. The effects of eight different parachute pack con-
figurations were tested to evaluate the influence of the
pack upon lift and drag.

The mean CL of our unencumbered subjects (0.374) corres-
ponded to the CL attributed to Straumann's ski-jumpers
(0.43).

" Changes in parachute pack configuration significantly
changed L/D, CL and CD. Subjects appeared to be homo-
geneous.

Design of a pack tray is described which, by test, had a
significantly higher L/D than any currently available
parachute pack tray configuration.

Man is not an ideal subject to test as an airfoil in the
wind tunnel.

69-10 Rod and cone contributions to S-potentials from cat retina,
NAMI June 1969.
1071 By Roy H. Steinberg.

The problem of whether the rods contribute to S-potentials
was studied in the intact eye of the cat. S-potentials
from luminosity units (L-units) were evoked by small spots
of relatively monochromatic light in dark and light-adapt-
ed retinae.

Dark adapted responses to blue light suggested that rods
were excited because both the "on" and "off" latencies
were long over a 3.0-log range of intensities. The spec-

-' tral sensitivity curve for dark-adapted S-potentials had
its maximum at 500 run and resembled Granit's scotopic
dominator.

, Scotopically balanced blue and orange lights produced
equal-amplitude responses in dark adapted retinae. After
light adaptation the same S-potentials were always more
sensitive to the orange light. The Purkinje shift suggest-
ed by this result was confirmed by calculating the light-
and dark-adapted spectral sensitivities of several indi-
vidual S-potentials.

The spectral sensitivity curve for light-adapted S-poten-
tials had its maximum at 560 nm and resembled Granit's
photopic dominator. In light-adapted retinae, in re-
sponse to orange light, response latencies even at thresh-
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old were always much faster than in dark adaptation.

It is concluded that the rhodopsin rods contribute to 5-
potentials (L-type) in the cat and that cones contribute
to the same responses. If the horizontal cells produce
these responses, then either rods and cones synapse with
the same cells or rod and cone horizontal cells connect
with each other.

69-10a The effect of performance relevance and feedback upon re-
NAMRL sistance to anticipatory stress, August 1970.

1114 By Xenia Coulter.

This study sought to demonstrate that, in a threatening
situation, if occurrence of harm depends upon performance
(relevance) and information is supplied regarding perform-
ance quality (feedback), resistance to stress will be en-
hanced even though stress magnitude (probability of harm)
remains unchanged.

Eighty aviation officer candidates were experimental sub-
jects; ten others were controls. A subject-paced, four-
choice discrimination task was used, and all subjects
were allowed an initial 5-minute practice session. Sub-
jects anticipated either a noxious event (electric shock)
or a benign event (bell).

Within each condition, four groups performed the task,
each with a different combination of feedback and rele-
vance: with neither, with both, or with one or the other.
Controls simply performed the task a second time.

Results indicate that: 1) anticipation in itself may be
stressful; 2) measured by changes in performance across
time, stress resistance is enhanced by both feedback and
relevance; 3) stress magnitude is best measured by per-
formance variability; and 4) performance level, which is
related by a U-shaped function to stress, may reflect
motivational aspects of stress.

69-11 Rod-cone interaction in S-potentials from cat retina,
NAMI June 1969.

1072 By Roy H. Steinberg.

Rod-cone interaction in cat S-potentials was studied by
analyzing the effect of wavelength and intensity upon thei
form of dark-adapted responses. Flashes of white light
and relatively monochromatic flashes produced responses
that seemed to originate from the excitation of both re-
ceptor types. The rod response changed as a function of
intensity, peaking at - 2.5 log above threshold and in-
creasing In duration at- 3.0 log above threshold. Thie
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cone response seemed in some way to add to the changing
rod response. V-Log I curves showed that the rod respon-
ses reached a ceiling (initial peak voltage) at- 3.5 log

above threshold while the maintained voltage leveled off
at a lower intensity. Both ceilings were obscured by the
apparent addition of the cone contribution. Cone and rod
responses to brief orange and blue lights of moderate in-
tensity, separated in time, added together across a com-
plete range of intervals.

69-12 Automated column chromatographic analysis of deacylated
phospholipids, June 1969.

By J.G. Wetmur and C.R. Wilson.

A procedure is fully described for isolation and deacy-
lation of phospholids from serum or tissue. Control ex-
periments are described that insure maximum yield with
minimum degradation. A completely automated system is
described for column chromatographic resolution and quan-
titative analysis of the fractions. Elution profiles for
human serum and red cells and for rat liver deacylated
phospholipids are shown. All of the seven fractions are
identified.

69-13 Assessment of semicircular canal function: II. Indivi-
NAMI dual differences in subjective angular displacement pro-
1074 duced by triangular waveforms of angular velocity, June

1969.

By Gale G. Owens and Fred E. Guedry, Jr..

Mean estimates (N equals 26) of short arcs of passive
whole-body rotation about an earth-vertical axis were accu-

rate when subjects used a psychophysical procedure that
involved counterdisplacement of a pointer on a dial. The
required retrospective displacement judgements yielded
more accurate mean estimates of angular displacement than
were obtained in an earlier experiment which probably in-
volved concurrent velocity matching.

The differences in response curves in the various condi-
tions of the two experiments clearly illustrate the im-
portance of attention to psychophysical procedures prior
to attempting to develop models of the vestibular end-
organs to explain results. The method used in this ex-
periment is sufficient to detect prominent individual
differences within a sample of aviation training candi-
dates, and the results obtained thus far indicate high
test-retest reliability (r1 2 equals .94).

17
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69-14 The rod after-effect in S-potentials from cat retina, 18
NAMI June 1969.

'.'."1075
1075 By Roy H. Steinberg.

The relation of the rod after-effect to percentage rho-
dopsin bleached was studied in S-potentials from cat retina.

At threshold, flashes which produced the rod after-effect
bleached only very small quantities of rhodopsin; and at

a fixed flash duration, the duration of the after-effect

increased as a function of log intensity.

The after-effect's threshold occurred at about the inten-
sity which saturated the maintained voltage. With flash
intensity fixed (6.5 log td. scotopic) and flash duration
increased (0.5 to 64.0 sec) the duration of the after-
effect was a linear function of exposure time. The dura-

tion continued to increase after an exposure of 16 sec,
even though at least 99 per cent of the rhodopsin had been
bleached. It is concluded that the aftereffect originates

from something which accumulates after the maintained volt-
age in rod pathways reaches a ceiling. The accumulation
can continue at a fixed rate irrespective of the bleach-
ing rate.

69-15 Forms of closed circular DNA in rat liver during regenera-

tion and following aminoazo-dye carcinogenesis, June 1969.

By James G. Wetmur and Charles R. Wilson.

The closed circular forms of DNA of rat liver have been
observed during aminoazo-dye carcinogenesis, during regene-
ration following partial hepatectomy and in control ani-
mals. Paucidisperse multiple mitochondrial forms were not

observed. Polydisperse smaller molecules were observed
following treatment with chemical carcinogens. The cumu-
lative frequency histogram shows the same profile as others
observed in HeLa cells. The relative quantity of the

small circles to the mitochondrial circles normally pre-

sent was extremely small.

No conclusions could be drawn regarding the source of

these molecules. We conclude that neither regeneration nor
carcinogenesis results in an alteration of the genetic re-
combination apparatus of a magnitude which might yield
significant quantities of the two aberrant forms of closed

circular DNA.

69-16 Temperature dependence of venom phospholipase A and related

haemolysis, June 1969.

By W.P. Schane, J.(;. Wetmur, and C.R. Wilson.
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Phospholipase A activity of the venom of Crotalus adman-

ateus was found to increase by a factor of tw, for evcrv
10 degree C. increase in temperature. A percentage of

haemolysis of red cells by lysolecithin produced by phos-
pholipase A occurred at two times lower lysolecithin con-
centration for every 10 degree C. decrease in temperaturt.-.

Under all conditions, percent lysis increased with decreas-

* ing temperature, although initially the temperature de-
pendence is small. At any time, decreasing the tempera-

ture in a complex reaction mixture would be expected to

produce an instantaneous increase in the percentage of

cells lysed.

69-17 Effects of cyanide and 2 deoxyglucose on proximal tubular

function in the rat kidney, June 1969.

By Stephen W. Weinstein.

A serius of 13 experiments were performed to study the
effects of cyanide, and oxidative inhibitor, and 2 deoxy-
glucose (2DG), a gycolytic inhibitor, on the function of
the proximal tubule of the rat's kidney. The technique
utilized was split oil droplet microperfusion of surface
proximal nephron segments with sequential photomicrography.
Isotonic saline was the control perfusion fluid. Cyanide

reduced the reabsorptive rate of the perfused nephron seg-
ments to 50% of the control. 2DG had no effect on saline

reabsorption. Cyanide plus 2DG perfused simultaneously in
saline inhibited reabsorption to the same degree as did

cyanide alone. These results are interpreted as indicat-
ing almost total dependence on proximal tubular reabsorp-

tion of filtrate upon energy available from oxidative meta-
bolism. Since reabsorption of filtrate in this segment is

mediated through active sodium transport, it would appear
that oxidative metabolism and not glycolysis is the energy

source for this process.

69-18 Effects of 2.4 dinitrophenol on proximal tubular sodium
reabsorption and permeability to non-electrolytes in the

rat kidney, June 1969.

By Stephen W. Weinstein.

A series of 19 experiments were performed to study the ef-

fects of 2,4 dinitrophenol (2,4 DNP), an uncoupler of oxi-

dative phosphorylation on the capacity of the proximal
tubule of the rat kidney to reabsorb isotonic sodium chlor-

ide and to limit passive permeation of nonelectrolytes.
The technique utilized was sequential photomicrography of

split oil droplet microperfusions of surface proximal -on-
volutions. The perfusion fluids wore isotonic soltit ions

of saline, manniLol, sucrose and raffinose.
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3The addition of 2,4 DNP had no effect on isotonic saline
absorptive rate. However, it increased the rate of reab-
sorption of the nonelectrolytes.

'he results suggest an intimate linkage in the proximal
convolution of sodium transport directly to the electron
transport system since 2,4 DNP prevents oxidative phospho-

rylation without inhibiting electron transport. In con-
trast permeability of this tubular segment to nonelectro-
lvtes is enhanced by 2,4 DNP. At least two mechanistic
and two functional explanations are possible for this ef-

p.. fect. These are discussed and their implications con-
sidered.

69-19 '['he effect of prior exposure to a harmful event upon sub-
NANI sequent performance under threat, June 1969.
1077 By Xenia B. Coulter and Mary Anne Overman

Earlier research stressed the need for controlling magni-
tude of threat when measuring susceptibility to fear of
harm (electric shock). Level of threat was manipulated
before testing by varying the intensity of demonstrated
shock and the stated probability of receiving shock at a
specified point during a given experimental performa'.e

task.

The present study investigated effects of: 1) the 6-iated
probability at .25 versus .85 with no pretest shock demon-
stration and 2) pretest shock demonstration versus no de-
monstration with the stated probability held constant at
.65.

Subjects were 70 entering aviation trainees. The task was
a subject-paced four-choice discrimination task. Ten sub-
jects were used as controls, with the remainder divided
among the experimental conditions. A 5-minute practice
period without threat preceded a 5-minute experimental
period for all conditions. It was concluded that: 1)
shock demonstration is not necessary, and its elimination
would provide a more useful range for individual differ-
ence measurement; 2) .65 probability is better for produc-
ing measureable performance decrement than either the lower
or higher extremes of .25 and 185; 3) threat perception as
measured by mean performance level across time may be as

useful a parameter as performance decrement immediately
preceding the anticipated harmful stimulus.

70-1 Micropuncture studies on the mechanism of sulfate excre-

tion by the rat kidney, July 1969.

By Stephen W. Weinstein.

20
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A series of free flow micropuncture experiments were per-
formed on rats undergoing sodium sulfate diuresis. End

proximal tubular fluids and ureteral urines from the punc-
tured kidney were collected. The data indicates that
tubular fluid/plasma (TF/P) ratios for sulfate remained
close to 1.0 and filtrate reabsorption was quantitatively

normal during sulfate infusion in the proximal tubule.
Final urine analysis suggested that all sulfate leaving
the proximal convolution is excreted. The data is inter-
preted as evidence that sulfate is not handled by a TM
limited mechanism in the rat kidney. Rather it appears
dependent upon filtration rate, proximal tubular reabsorp-
tive rate and plasma concentration of the anion. A com-

parison of bicarbonate reabsorption during carbonic anhy-
drase inhibition to sulfate reabsorption in the rat neph-
ron suggests greater proximal passive permeability to sul-
fate than bicarbonate and equally restricted distal neph-
ron permeability.

70-2 Real-ear sound attenuation characteristics of CBS Labora-

tories' MARK II earphone enclosures, July 1969.

By Robert T. Camp, Jr. and Ronald F. Kovacs.

The real-ear attenuation characteristics of the CBS Labora-
tories' MARK II earphone inclosures were mounted in an
Army APH-5 helmet. The results of the test show that the
MARK II earphone inclosures do improve the attenuation
characteristics of the APH-5 at frequencies from 75 to 500
Hz. At higher frequencies between 3K and 8K Hz the attenu-

ation was less than that offered by the standard APH-5 ear-
muff. A comparison of the overall sound attenuation char-

acteristics of the MARK II inclosures and the SPH-3 (Modi-
fied) shows that the latter has superior attenuation char-
acteristics.

70-3 Visibility from the rear seat of the U.S. Army O-IA (Bird

Dog) aircraft, August 1969.

By John K. Crosley and Robert W.B,5,ley.

The dynamic visual field of view was measured from the
rear seat of the U.S. Army 0-1A (Bird Dog) aircraft. Sub-
jects from the 5 and 95 percentile level sitting eye
heights were used to determine the changes in field of
view when the short man occupied the front seat and the

*I tall man the rear, and vice versa. Changes occurring as a
result of using a cushion, sitting in a fixed position, or
moving the extent of the seat harness were also measured.
Recommendations are made concerning seat adjustment char-
acteristics, rear window design, the availability of in-

struments to the instructor pilot in the rear seat, and
the weather standards for dual VFR flight.
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70-4 Interaction between stress, vigilance and task complexity
in flight personnel.

This report was not published and is not available.

, 70-5 Measurement of toxic hazard due to firing the weapons of
the UH-IB armed helicopters, August 1969.

By .L. Hody.

The toxic exhaust products of machine guns and rockets
fired from armed helicopters can create a hazard for the
crew. A toxic hazard evaluation was carried out with the
UH-IB armed helicopter. Special methods were used to mea-
sure rapidly changing levels of carbon monoxide in the
helicopter during actual flight testing. The exposure to

metallic particles was also recorded. No toxic levels of
weapons exhaust were present in the cabin during any prac-
tical mission profile with the specific weapons tested.
These tests are part of a continuing armed helicopter
toxic hazard study program at USAARL.

70-6 The effect of semicircular canal stimulation during tilt-
NAMI ing on the subsequent perception of the visual vertical,
1093 November 1969.

By Charles W. Stockwel I and Fred P. ;uedry.

When a man is accelerated on a centrifuge, the direction
of gravitoinertial vertical changes relative to his body.
However, a lag occurs in his perception of this change.

'.Z. The hypothesis has been advanced that the perceptual lag
in this situation is partly the result of a conflict be-
tween signals arising from the semicircular canals and
from the otolith organs. To test this hypothesis, sub-
jects were tilted in such a way that they received consis-
tent semicircular canal and otolith signals. This was ac-
complished simply by tilting them 30 deg from upright in
their frontal plane. Immediately after being tilted,

these subjects made estimates of the vertical which were
approximately accurate, and they contihued to make accu-
rate estimates throughout the 140-sec judgement period.
The absence of a perceptual lag under these circumstances
supports the hy1pothesis.

70-7 Sample 11(li copter flight motion data for vestibu lar refr-
NA 09ence, November 1969.

- 1094By W.C. flixson and i.. Niven.

T[lhis report )resentN low-f rtqulencv linear and algillTar mo-
t ion flight data COl lected on a non inLterferIrence hais is
aboard the following military hel icop t crs: AC-IC;, I'll-Ill
U11-lI), 011-6A, CH-47, and U11-2B. Measurement data recorded0@
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during various tactical maneuvers and routine flight opera-
tions included the triaxial linear accelerations occurring
along the roll pitch, and yaw axes and the triaxial angu-
lar velocities occurring about the same three reference
axes.

70-8 The semiautomated test system: a tool for standardized
NAMI performance testing, November 1969.
10921 By H. Rudy Ramsey.

For performance tests to be truly standardized, they must
be administered in a way that will minimize variation due
to operator intervention and errors. Through such techno-
logical developments as low-cost digital computers and
digital logic modules, automatic test administration with-
out restriction of test content has become possible. A
Semiautomated Test System (SATS), incorporating program-
mable digital logic modules for control, has been developed

to allow an experimental psychologist, unassisted and with
a minimum of special training, to set up and modify tests
or experiments; thus, it is especially useful for explora-
tory studies. The structure of the SATS is described and
an example is presented to clarify the operations involved
in its use.

70-9 The design of a literature file in aircraft-related envi-
ronmental medicine, November 1969.

By G.L. Hody.

The U.S. Army Aeromedical Research Laboratory is often re-
quired to make specialized measurements and perform ap-

plied research in aircraft-related areas of environmental
medicine. Rapid access to the periodical literature is
essential for the completion of many of these projects.

A growing file of reprints from the periodical literature

is available at USAARL. A method for the orderly storage
of the reprints in printed form and a separate scheme for
rapid retrieval of abstracts was developed for the file.
Both methods were based upon the natural organization of

> the data. Storage of papers within the file will be based
on the major topic of each reprint while retrieval will be
accomplished by the use of key words. The combined svs-
tem is expandable and can be easily adapted to a variety
of mechanical, electro-optical and computer storage and
retrieval methods.

23



Report Number

70-10 Influence of vestibular stimulation and display luminance
NAMI on the performance of a compensatory tracking task, Feb-
1097 ruary 1970.

By Richard D. Gilson, Alan J. Benson, and Fred E. Guedry,Jr.

Loss of acuity for visual details in aircraft during un-
usual maneuvers has been documented by Melvill Jones, Re-
cent investigations of this problem have served to define
the magnitude of semicircular canal stimulation necessary
to produce nystagmus of sufficient strength to degrade
visual acuity. Present work extends former observations
by investigating the effects of levels of illumination
during semicircular canal stimulation on the performance
of a task requiring vision. The illumination levels were
selected to encompass the range used in aircraft cockpits.

A compensatory tracking task with an aircraft instrument
as the display provided an indirect measure of this loss
of visual acuity and a direct practical measure of per-
formance. It was found that decreasing the luminance of
the display over a range from the highest to the lowest
levels normally used in cockpits significantly magnified
the degradation of tracking performance resulting from
vestibular stimulation, while producing only small changes
in nystagmus. Without vestibular stimulation, the same
changes in luminance resulted in no significant alterations
in tracking performance. It appears that for a given
level of nystagmus, performance of visual tasks may or may
not be impaired depending on the level of illumination. It
is suggested that the adverse effects of retinal smear

resulting from nystagmus-produced image movement across
the retina are augmented by decreases in luminance. Ap-

plication of these results to aircraft operation is dis-
cussed.

70-11 Two procedures for applied and experimental studies of
NAMI stress, February 1970.

"'" 10991099 6y Robert S. Kennedy.

To compensate for the low reliability of physiological
manifestations of sympathetic nervous system activity two
methods are offered. The first method requires a major
research program by which a valid criterion of stress
would be determined by experimentation, and then predictors
of this criterion would be obtained empirically by cor-
relational techniques. These predictors could then be
crossvalidated. By using the predictors, the influences
of psychological stress and physiological stress could be
oparated. Whether a functional relationship exists be-

twt en the magnitude of the response to stress and the

2/b -'I
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probability of its occurrence could then be determined.
The second method is similar but less exact. It has been
used successfully in motion sickness studies and avoids
the necessity of a long exploratory program with numerous

pilot studies.

A procedure for the control and regulation of the percep-
tion of tile magnitude of the stress to the organism (human
and infrahuman) is offered for use with the two methods.
The lack of suitable control of this factor is discussed

in connection with previous research.

70-12 A comparison of subjective responses to semicircular canal
NAMI stimulation produced by rotation about two axes, MIay 1970.

1106 By C.W. Stockwell and R.D. Gilson.

A practical procedure has been developed for obtaining re-
liable measures of sensation associated with semicircular
canal stimulation. Theoretically these measures can be
used along with measures of nystagmus to estimate several
vestibular response system parameters relevant in the clin-
ical assessment of pilot vertigo. In this experiment,

response produced by stimulation of the horizontal semi-
circular canals are compared with those produced by stimu-
lation of the vertical canals.

Group mean estimates of subjective angular displacement
obtained from 40 naval flight students were approximately
accurate for stimulation of both horizontal and vertical
canals. Significant individual differences were found
within the group. From the responses obtained, mean esti-
mates of vestibular system parameters were calculated. The
method appears to be a reliable and practical means of

measuring theK s parameter which has not been assessed in
the past due to a lack of a suitable method. The theoreti-
cal basis of the method is discussed.

70-13 The composition of the exhaust products of military wea-
USAFA pons: A comparison of calculated and experimental results,
R-1948 March 1970.

7By Ludwig Stiefel and George L. Hody.

The composition of the combustion products of the weapons
used in armed aircraft and other military vehicles must
be known accurately before their potential for creating a

toxic hazard for crew members can be evaluated. Experi-
mental determination is technically difficult and expen-
sive, while computer-assisted calculation, the alternate
method, is of unknown applicability. Due to the joint
efforts of the USAARL, the Air Force Rocket Propulsion
Laboratory, and the Frankford Arsenal Pitman-Dunn Labora-
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tor ies, some exper i:'ntal and ct iculIated datajt tor t he smti

weapons systems became available. In this r,..port, the.
resul1ts of the two studies are presetnt-d and tOltrast ed,
and the use ftlness of computat ion methods in exhdust c,-
posit ion prud ict ion is discussed.

70-14 Orientation-crror acciden ts in regular Army aircra t dur-
NANRI ing Fiscal Year 1967: Relat ive inc idence and cost, . uni.
1107 1970.

hy W> v j.C, xso, I..1. Niven, and E. Spzia.

This report is the first in a longitudinal series ot re-
ports dealing with the magnitude of the pilot disorienta-
tion/vertigo accident problem in regular Army fixed win,
and rotary wing flight operations. Factors involved in
the development of an operational definition of the orien-
tation-error class of aircraft accidents are discussed.
Incidence and cost data presented for Fiscal Year 1967
include a total of 57 major and minor orientation-error
accidents (19 which were fatal), resulting in 45 fatali-
ties, 105 nonfatal injuries, and a total aircraft damage
cost of 10,144,034 dollars. The contribution of rotary
wing orientation-error accidents to this total was 55
accidents (18 of which were fatal), resulting in 44 fa-

talities, 104 nonfatal injuries, and a total aircraft

damage cost of 10,116,847 dollars,

71-1 Orientation-error accidents in reguar Army UH-1 aircraft
NAMR1, during Fiscal Year 1967: Relative incidence and cost,

1108 August 1970.

By W.C. Hixson, J.I. Niven, and Emil Spezia.

This report is the first in a longitudinal series of re-

ports dealing with the magnitude of the pilit disorienta-
tion/vertigo accident problem in regular Army UH-I heli-
copter operations. Incidence and cost data presented for
Fiscal Year 1967 include a total of 50 major and minor
orientation--error accidents (15 of which were fatal), re-
sulting in 38 fatalities, 88 nonfatal injuries, and a
total UH-l aircraft damage cost of 7,542,177 dollars.

*-. 71-2 Major orientation-error accidents in regular Army UH-l air-
NAMRL craft during Fiscal Year 1967: Accident factors, October

1109 1970.

By W.C. Hixson, J.1. Niven, and E. Spezia.

Individual case history data extracted from the USABAAR

master aircraft accident files are presented on 44 UH-I
major orientation-error accidents that occurred during
Fiscal Year 1967. Summary data listings involving a vari-
ety of operational and pilot-related accident factors are
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presented for each of the 44 cases. The listings are ar-
ranged to distinguish between those factors and events
present before takeoff, i.e., the initial conditions assoc-
iated with i, given accident, and those that occurred or
were manifested during the actual airborne phase of the
accident flight.

71-3 A program for analyzing data with more than one score per

Subject, by X. Coulter.

This report was not published and is not available.

71-4 Lighting factors affecting the visibility of a moving dis-
play, August 1970.

By R.D. Gilson and R.H. Elliott.

Compensatory tracking performance was shown to be substan-
tially degraded by oscillation of the visual display at
both 1.0 Hz and 2.0 Hiz. The severity of this decrement
was significantly altered by changes in both the color and
the intensity of the display illumination. Performance
was significantly better with red light illuminating the
display at 0.05 mL than with blue light at the equivalent
luminance. This improvement in performance was similar in
magnitude to that found for an increase in broad-brand
illumination of the display where luminance was increased
from one-half log unit below to one-half log unit above
0.05 ml,. Visual mechanisms that may have been responsible
for these findings are suggested and practical considera-
tions of instrument lighting are discussed.

71-5 Family health education and its place in the training of

student aviators: A method, August 1970.

By Stanley C. Knapp.

Flight surgeons are often poorly understood; and their
real missions are not realized by military aviation stu-
dents and their families. The flight surgeon, because of
his prominent position in selection and retention of the
student aviator. may represent a threat to the aviator's
career. The A-rmy Aviation Training Program is rapidly
expanding. Formal student-flight surgeon contact is rare.
A need for improving the image of the flight surgeon was
realized by the Department of Aeromedical Education and
Training, Army Aviation School, Fort Rucker, Alabama. A
method of health education discussions with the wives of
student aviators was developed.

The aims of the discussions were twofold. In the first
place, improving the image of the flight surgeon by early
and informal contact and enlisting the help of the wives
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in tile care of their husbands as part of the flight sur-
geon's mission, and the presentation of a number of vital
aviation topics pertinent to the health and safety of the
husband-aviators.

* 71-7 Reliability and validity of the brief vestibular disori-
NAMRL entation test compared under 10-RPM and 15-RPM conditions,
1115 August 1970.

..)y Rosalie K. Ambler and Fred E. Guedry, Jr..

A Brief Vestibular Disorientation Test (BVDT) Wits Jevel1 optU
that involves observer assessment of subjects' reactions
produced by head movements in a rotating chair. Reliabi-
lity of observers has been demonstrated, and significant
validation and cross-validation coefficients have been re-
ported for criteria of pass versus various types of sepa-

ration from pilot training.

It has also been established that the BVI)T score signifi-
cantly augmented the multiple correlation of existing
aviation selection variables with the same criteria. The
purpose of this study was to determine if reliability,

validity, and augmentation of correlation could be obtain-
ed with less disturbance to the subject than that caused
by the 15-RPM speed of rotation used thus far in the BVDT.
Reduced disturbance and aftereffects are desired because
the BVDT is now envisioned as becoming part of the enter-
ing flight physical, and procedures that might either im-
pair performance on the other tests or require recovery
periods must be held to a minimum. The BVDT procedure used
here was identical to two previous studies exceot that a
speed of 10-RPM was used instead of 15-RPM. Subjects were
157 flight students who were tested within the first four
days of reporting for training. Retesting of 72 of the
subjects was conducted 9 weeks later. The test-retest and
rater reliability coefficients obtained were not quite so
high as for those who had the 15-RPM procedure, but they
were of acceptable magnitude. The validity coefficients
were approximately the same as those obtained for 15-RPM,

and significant augmentation of the existing selection
battery and cost effectiveness was demonstrated. It was
concluded, therefore, that the 10-RPM BVDT was a feasible
procedure. It was also concluded that, because the mean
score for the 10-RPM group was lower than the mean for
either of the two 15-RPM groups used previously, subject
disturbance had been reduced.

71-8 Analyzing affects of threatened harm, by X. Coulter.
NAMRL1A1R This report was not published and is not available.
1116
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71-9 Medical and physiologic effects of ejection and parachUt-
ing: An overview, August 1970.

By Stanley C. Knapp.

Design requirements for ejection seats and personal sur-
vival equipment sometimes omit as a criteria man's physio-
logic and psychologic limitations. Man's ability to come
through the ejection and parachute descent sequences unin-
jured is influenced directly by the design of the equipment
and his experience in the techniques of proper use. Many
limiting physiologic factors must be considered. Response
to multiple accelerations in multiple axes, wind blast,
effects of temperature extremes, anthropomorphic problems,
and neuromuscular response are among the factors discussed.

Engineers will find a knowledge of human factors vital to
the design of seat restraint systems, cushions, accessory
packs, control placement, catapults, the parachute, etc..
This broad overview reviews significant literature on
sport free fall, military static line, HALO, and ejection
parachuting statistics. Modes of injury and morbidity dur-
ing ejection and parachuting are detailed.

71-10 Problems of adaptation to long range, large scale aerial
troop deployments, September 1970.

By Stanley C. Knapp.

Discusses the demonstrated stresses and adaptation pro-
blems during large scale, long range, rapid reaction time,
aerial troop deployments. NATO Exercise REFORGER 1, Jan-
uary 1969, and other recent large scale aerial troop de-
ployments are discussed. Long range aerial troop trans-
port and deployment is a technological achievement of the
1960's that has influenced and shaped international poli-
tical thinking and military strategy. "Super transport
aircraft", capable of around-the-world troop lifts, are a
reality in the military inventory. Careful consideration
has been given to the aircrews that operate these aircraft.
It is necessary to carefully assess the position, role,
and regard for the individual soldier, the "passenger",
whom all of this aviation technology and engineering sup-
ports.

Historically, soldiers have proven to be flexible, well-
motivated, and capable of great personal and group ingen-
uity and adaptation in the face of stress. These factors
create fighting forces that are able to go almost anywhere,
at any time, by any means, and remain efficient and effec-
tive.

Certain human factors and parameters of personal adjust-
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ment and adaptation, however, are relatively fixed or slow.

Among them are requirements for sleep, food, fluids, exer-
cise, warmth, shelter, sensory stimulation, recreation,
periods of quiet, and physical and psychological support.
Man has proven biological or circadian rhythm that is
essentially unalterable over prolonged periods of stress,

let alone abrupt exposure. Man does not immediately adapt
to sudden environmental changes, i.e. , sea level to
mountainous, arctic to equatorial, tropical to arid, or

pastoral to acquatic.

71-11 Living human dynamic response to -G impact acceleration.
NAMRL It. Accelerations measured on the head and neck, October

1122 1970.

By Channing L. Ewing, Daniel J. Thomas, Lawrence M.
Patrick, George W. Beeler, and Margaret J. Smith.

A methodical investigation and measurement of human dyna-
mic response to impact acceleration was conducted as a
Joint Army-Navy-Wayne State University investigation. De-
tails of the experimental design were presented at the
'twelfth Stapp Car Crash Conference in October 1968.

Linear accelerations were measured on the top of the head,
at the mouth, and at the base of the neck. Angular velo-
city was also measured at the base of the neck and at the
mouth. A redundant photographic system was used for vali-
dation. All data were collected in computer compatible
format and data processing was by digital computer. Se-
lected data in a stage of interim analysis on 18 represen-
tative human runs of the 236 human runs completed to date
are presented.

Review of this data indicates that peak accelerations mea-
sured at the mouth are higher than previous estimates. The
time relationship of the peak resultant mouth accelera-

tions to the peak sled acceleration for this particular
accelerator and restraint system is described. The maxi-
mum peak resultant mouth acceleration was 47.8 g and the
peak mouth angular velocity on another run exceeded 30 rad/
sec, on nominal 10 g, 250 g/sec runs with no evidence of
unconsciousness or neurological deficit attributable to
the acceleration.

Representative plots of the human dynamic response are
presented, discussed, and compared. A first order linear
regression analysis for the, peak mouth resultant acceler-

it iol -ino the Deak mouth angul ar velocitV obtainahle from
the peak sled acceleration is presented. Important simi-
larities discovered in the time phasing of the human
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dvnamic response to impact accelerat ons are oresented and
discussed.

71-12 -oiij~risdn 0 racking L~k performance and nysta/mus dur-

NA1N1IRL ing sinusoidal oscillation in yaw and pitch, Ofctober 1970.
1123 By A.J. Benson and F.E. (;uedry, Jr.

Sinusoidal torsional oscillation (0,04 liz, peak angular
velocity ±60 to '159 deg/sec) degraded subjects' perfor-
mance of a compensatory tracking task because inappropri-
ate nystagmic eve movements impaired visibility of the

display. Responses to angular oscillation in waw and
pitch were compared. During angular motion in the pitch-

forward direction the nystagmus frequency and slow phase
velocity, and the consequent performance decrement, were
significantly greater than during the pitch-hack half
cycle. No such asymmetry was found during oscillation in
yaw where the nystagmus measures and error scores were
similar to those obtained in the pitch-back half cycle.
The poorer suppression of vestibular nystagmus during
pitch-forward motion is attributed to the higher frequency
and smaller amplitude of downbeating nystagmus. Angular
oscillation in pitch induced motion sickness more rapidly
than a comparable yaw-axis stimulus.

71-13 The use of high intensity Xenon lighting to enhance U.S.
Army aircraft day/night conspicuity, January 1971.

By John K. Crosley, William E. McLean, Ronald G. Tabak,
and Robert W. Bailey.

In-flight studies were performed at Fort Wolters, Texas,

to compare the effectiveness of aircraft-mounted, high-
intensity Xenon flashtube lights for increasing the con-

spicuity of small trainer helicopters (TH-55) during both
daytime and nightime flights. Twenty-eight subjects rated
both lighted and nonlighted aircraft visibility as viewed
from the ground and from air-to-air in differing flight
modes. Data are presented to indicate the increase

in aircraft conspicuity available througi. he application
of this type of lighting.

71-14 Effect of Isoniazid on performance, February 1971.

By Richard 0. Nossman and Mark A. Hofmann.

Nine aviators who converted from negative to positive on a
tuberculosis tine test performed a variety of laboratory
tests given before, during and after IN1i therapy. INO
was administered prophylactically at dosage levels of 30

mg per day. The tasks consisted of reaction tinie (auditory
and visual), rotary pursuit tracking, mental mul tipl icat ion

:ii
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and digit span. The data did not indicate that the drug

-: adversely affected performance on any of the tasks LitiliZed.

71-15 Nystagmus responses during rotation about a tilted axis,
*NAMRL March 1971.

1129 .By C.W. Stockwell, G.T. Turnipseed, and F.E. Guedry, Jr..

A persistent horizontal nystagmus response is elicited
when a man is rotated at constant velocity about an Earth-
horizontal axis. This response comprises two components:
a directional bias and a cyclic modulation of the bias
level. Observations were made of the effects of three
stimulus variables: rate of initial acceleration, rate of
steady rotation, and angle of tilt of the rotation axis.
Bias and cyclic modulation were affected differently by
stimulus variables, especially by rate of steady rotation,
suggesting the presence of two separate response mechanisms.
Previous experiments indicate that both mechanisms depend
upon the otolith system, although the possibility of a
semi-circular canal contribution remains. Thus it is
reasonable to conclude that these response components pro-
vide a means of assessing the dynamics of otolith-regulated
responses.

71-16 Nystagmus and visual performance during sinusoidal stimu-
NM1IRL lation of the vertical semicircular canals, March 1971.
1131 By Fred E. GUedry, Jr., and Alan J. Benson.

Men were positioned on their sides and oscillated sinus-
oidally (0.04Hz, peak velocity ±90 deg/sec) about an Earth-
vertical axis, Initially, nystagmus sl~w phase velocity
was about equal during the forward- and backward-pitch
halves of the stimulus cycle in darkness; but when subjects
tracked a dimly illuminated aircraft instrument, slow
phase velocity during forward pitch was about ten times
that during backward pitch. Consequently, tracking errors
were much greater during forward pitch. Change in lumin-
ance level from 0.01 ft-b to 1.0 ft-b produced small,
statistically significant decrements in slow phase velo-
city and substantial improvements in tracking performance.
Following this part of the experiment, nystagmus was again
recorded in darkness. There was a differential decline in
slow phase velocity, the slow-phase-down response showing
significantly greater decline. Stimulus-response phase
relations were also altered for the slow-phase-down re-
sponse. but were unaltered for the slow-phase-up response.
It Is proposed that interactions between eyelid and eye-
ball movements caused different frequencies of upbeatini

and downbeating nystagmus which, in turn, produced differ-
ent visual suppression of slow phase velocity in the two
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halves of the stimulus cycle. The asymmetric visual sup-
pression may have contributed to the asymmetric habituation

of the two reactions.

71-17 Crash injury economics: The costs of training, maintain-
ing and replacing an Army aviator, April 1971.

By Armand E. Zilioli.

While the hardware costs of Army aviation accidents are
known, the monetary costs of injuries and fatalities have
not been determined. In order to ascertain these costs,
the training and maintenance costs of aviators are needed.
This report presents a study of training and maintenance
costs of Army aviators in all grade levels from training
up to, including, and after an accidental death.

A random sample of five Army aviators in each grade level
was used in the study. Cost data following their hypo-
thetical death in an Army aircraft accident were projected
using Social Security Administration and Veterans Adminis-
tration acturial figures, data, and tables. The minimum

cost for training a bachelor rotary wing Warrant Officer
Candidate with no previous military experience is 38,035
dollars. The total cost to the United States Government
up to and after the accidental death of an Army aviator in
an Army .ircraft can range from 102,670 to 759,954 dollars.

Monetary costs to replace the aircraft crew often exceed
by several times the cost to replace the aircraft.

71-18 Crash injury economics: Injury and death costs in Army
UH-l accidents in Fiscal Year 1969, December 1971.

By Armand E. Zilioli and Jay C. Bisgard.

Injury and fatality costs of Army aircraft accidents have

never been determined. During FY69, there were a total of
546 major and minor noncombat aircraft accidents involving
UH-I type helicopters. This report presents an economic

study of the 160 individuals with major injuries and 227
fatalities which occurred in 129 of these accidents. Minor
injuries were not considered in this study. Personnel
costs of aircraft accidents were evaluated using hospitali-
zation and convalescence times and costs, pay costs, re-
placement costs, funeral costs, death benefits, and Vet-
erans Administration and Social Security Administration
benefits. These costs were computed using the least ex-
pensive method. Human costs, such as pain, suffering, de-
formity, or the loss of earning power are factors which
are real costs but which cannot be determined. The total
treatment time for the 160 injured individuals was 19,097
days. When considered on the basis of a 246 day work
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Viar, the total trI t t Lent, tiIe equ ed 7 .7 . wo rk vC,1r.

Tl I aZverage personnel costs of an aircrtt ac tidcilt -tti d
I run 38,227 dol lars for a sarv ivable ac idelt to 48 , 7)7
Sol latrs for a nOnStiLIrV Iv hCI acC ident . 'lh ilVa el'dg iLil--

ware €'osL of an aircraft acCiJdetL was 220,777 do]jrs
'I he mone ta rv cost of in ii r ie s and i at lli t ie can uf t 'II
Cos idkrab lv C:cCd tIIe sum requir , d Lo rp 1ce an zir-
crat t

71-19 L11ginoering test of lightweight underwear of the winter
•ight c lothing ss tem: t hermal protection, June 1971.

) Lv Francis S. Knox, GCorge R. c(alhian, .tr., Ihimas I..
SWn'tu W, Valter P. Trevethan, And rew .. Nart in, Davi R,,
D. Iiho is, and Ceorge N . Ke iser.

S escr I bes the itsc of albioassay technique to eva]lnat t he
fire resis tan t and tliernhal proteict ion cotpabilities, W' tltli

lightweighit underwear of the Ar-m\ winter flightt clothing
system. Samples of fabrics under consideration for inclu-
s on in the Army winter flight clothing system were niouiitcd
on a i empl[ate and held in contact with thc sidc of- a pig.
'I hIIs protect 0 d t IIe p ig was expo-ed to a flame so rc e ia 1 i-
brated to situl.:ite a well developed ,I1-4 f ire.

Exposure times of 1 .75, 3.50, and 7.0 seconds were used
Evaluation of resultant skin burns shows that none of the
f abr ic svtems as evaluated mee the essentfal. require-

ment of 1(0 s,. conds protection. Single-lavered fabric (No-
me- sile Il fabric) offers slight protect ion and doubl-Il a-
ered fabric systems (Nomex outer shell with either Nomex
underwear or 5)/ cotton/50. wool underwear) offer more
than three t imes the protection of single lavers, but
still fail to provide 10 seconds of prot. ect ion. The' St
cotton /5(W wool underwear offers Cqial or bettr r protect ion
tlii experimental Nomex underwear wc:n Under standard No-
,Nme ont e r shei I . Washing does not affect thermal rot cc-

nt o. The data foirt her ind ica t e t lat the met hod tis ing

* . p',- provides ;a very consistent and meaningful way of eval-
1 77..- a ting thermal protective fabric..

71-20 Effects of alcohol ingestion on tracking performance dur-
N tMRL ing angular acceleration, Xav 1971.
113 3 lBy Willilam V. Coll1ins,* Richard D. G ilson, Da-vid J.

Schroede r, and Fred 1. (;uedrv, ,Jr.

Following ptracLice, two ,,rotlps of 1) sachtiO'Is t~itit wer.

g ivmi v r - (b ae 1 i1,) te(st ol ttrt'ckin pi-I lo rmanc ,  in
boL11 sta]t ie (stat ioni rv) nd dy'nliTi C (woil i hodI L nt a r
aic L c _r )t lol) col it iolls, t ne g' roulp t lt- t,r , ivctd oi.iit,

ijuice whicli clo l tiedt. c 2.0) ml of l )L-prool vod~ki Ic, r kst  0!
stulje't wei.hlt [lie t tliii ertiip d ran, r- 1in, )t iC ' i,'it tl :

e '. (,
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few drops of rum extract added. ,\1l subjects were led to
believe that they were receiving alcohol. Additional
tests were conducted 1, 2, 4, 8, and 10 hours after drink-
ing.

All tests were in total darkness with the exception of the
visual display which was illuminated to a level recommended
for cockpit instruments. Static tracking error declined
slightly for the control group, but increased over the pre-
drinking level during the 1-, 2-, and 4-hour tests for the
alcohol group; only the 1-hour scores differed significant-
ly from the pre-scores for the alcohol group.

In comparing the two groups, static tracking errors for
alcohol subjects were significantly higher than those of
control subjects only at the 4-.hour session when the ef-
fects of alcohol were beginning to wane. However, in the

dynamic tests, alcohol subjects made significantly more
tracking errors than control subjects during the 1-, 2-,
and 4-hour sessions. These data suggest that eye-hand
coordination may show little or no impairment following
alcohol ingestion in static situations, vet may he serious-
ly degraded during motion.

71-21 Environmental effects on attack helicopter crew task per-
formance in the NATO Theater, May 1971.

Edited by Stanley C. Knapp.

Addresses the unique tasks, requirements and demands upon
attack helicopter crews and the effects of the environment
upon the performance of these tasks. Night operations
under low ceilings, nap-of-the-earth flight profiles and

a threat of sophisticated anti-aircraft weaponry is defined
as the "worst-credible-environment" for the NATO Theater.

In this environment, the attack helicopter and its crew
will be expected to fly a large percentage of its missions

and deliver its ordnance with a high degree of accuracy.

Task performance is outlined in a detailed matrix. Collec-

tive tasks are grouped into functional task cluster-. The
effects of climatic conditions, the hostile threat. social

and civil factors upon performance of these task clusters
are discussed. The effects of the machine/mission created
environment are presented and include hypoxia, toxic pro-
ducts, temperature extremes, visual and optical problems,
acoustics, vibration and huIman factors. Aircraft safety
and reliabtlityV are directly' atflected by .all of these

Simple and practicl so lilt ions for narlv al r flttos pt -

4 sented are ava lahI witiL cr rcnt technol og .App , iCt 1011
and imp lementatton of these solutions, with x p 1 ic it con-

H'



Rijp~t N urnbe r

sideration given to environmental factors and human capa-
bility, will insure maximum performance from both men and

machines.

71-22 The neurological effects of INHI, December 1971.

By J.E. Jordan, Stephen Shields, and Dan Bochneak.

INLI was given to a group of 28 volunteer civilian aviators.
Neurological examinations, mental status examinations,
[£E(;s, and visual evoked potentials were monitored at con-
trol, six months and twelve months. Minor changes were
observed in all the measures; none of these changes were
severe enough to be of great concern. No evidence was
found to justify restriction of flying during INH admini-

stration, although the results of this study suggest that
careful monitoring of patients taking INH is indicated.

71-23 Effects of Isoniazid on performance II, June 1971.

By Mark A. Hofmann and Richard 0. Nossman.

Seventeen aviators who converted from negative to positive

on a tuberculosis tine test performed a variety of labora-
tory tests given before, during and after INH therapy. INH
was administered prophylactically at dosage levels of 300
mg. per day for one year. The tasks consisted of reaction
time (auditory and visual), rotary pursuit tracking, mental
multiplication and digit span. The data did not indicate
that the drug adversely affected performance on any of the

tasks utilized.

71-24 The testing of thermal protective clothing in a reproduc-
ible fuel fire environment, a feasibility study, June 1971.

By John D. Albright, Francis S. Knox, David R. DuBois, and
George M. Keiser.

Sets forth the conceptual design for a facility intended
for development and evaluation of thermal protective clo-
thing in a reproducible fuel fire environment. The methods
developed relate thermal characteristics of fabrics to
biomedical aspects of burn prevention. A number of bio-
engineering problems are identified, the resolution of
which is expensive and time consuming.

It is concluded that construction of the facility designed
is technically feasible. Due to the magnitude and complex-
ity of the bioengineering problems identified, and because
of advances in laboratory testing methods, however, con-

struction of such a facility is not considered to be a
prudent expenditure of public funds at this time. Opera-
tionallv oriented bioengineering/aeromedical evaluation of
thermal protective clothing systems remains essential.
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72-1 Nvstagmus responses during trian-u lar wav,1 oto s tf anv'l ar
NAMRL velocity about the Y- and Z- axes, JulV 1971.

'-: -1138 1138 By R.D. Gilson, C.W. Stockwel I, and :.l. ;ue.dr%, Ir

Nvstagmus response param,tirs wert, est inatt-d bv ;a t.st pru-
cedure using short triangular witvekirn o] i lay v it'
Mean estimates wire determined as l llow,: / =13. ) >ecou.
and K(/.)=S.O seconds for thc lorizoitaol ,cicicirllar
canals, and / =6.8 seconds and K ( / )=5.4 ()r

the vertical semicircular canals. 'lie / values areceln-
sistent with resuilts obtained ly OLtet rtlut i O s. VAlIIIt,ues
of K'(/') have not been beretotore assessed . let term i -
nation of tI ie effects of st iulus d istort ion on til, value s
of the response parameters and eSt iNates of 1 ite rsub j ct
and intrasubject variabilitv are included. Also included
are nomograms that perm it a simple and accurate etIlor

at.lcating a /and K' (/ ).

72-2 Effects of different al cohrol dosages and di splia iUllpi-
NAMRL nation on tracking performance during vest ibular sL irmlal-
1140 tjon, J;uly 1971.

By Richard 1). fGilson, David J . Schroeder, Willian II.

Collins, and Fred E. ;uedry, Jr..
:'""A previous invest igat ion shows that alcohol impairs the

ability to suppress vestibular !1ystagmos, thus degrading
visual compensatory tracking performance during angular
acceleration. Reduced display illumination, independentlyv,

has also been shoui to degrade tracking performance during
vestibular stimulation. The present study investigated
the way in which low and moderate dosages of alcohol and

two levels of instrument-display illumination combined to
affect tracking performance a) in a static (no motion) en-
vironment, and b) in a dynamic (whole-body motion) environ-

ment. Mean blood-alcohol levels as low as 0.027 per cent

significantly (p .0 5 ) decreased tracking performance dur-
ing whole-body motion, yet caused little change in perfor-

mance in a stationary environment. Impairment was much
more pronounced with dim display lighting (0.1 ft-L)
than with bright lighting (1.0 ft-L). These results sug-

gest that serious problems may even be encountered by the
pilot who drinks lightly and who considers flying, espec-

' ially at night.

72-3 Static comparison of vertical tape and vertical light emit-
ting diode displays, August 1971.

By Robert H. Schrimser, Andrew S. Martin, Kurt E. Lidke,

Mark A. Hofmann, Erwin G. Braun, John K. Crosley, Ronald
G. Tabak, and Edgar C. White, Jr..

37
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[his 1 tildV was iter t ormeivd ii t luLrLk part s 1. le I- I-,ust part

cons i s ted of comn par ing a proto t ype I i lit eit it t iUg d iode
vert ical di splay with a current vert ical tape (i spl a%, for
rcad i up spted a nd aCCtnraCv , UMI(iC r t Wo v iewi 1 l4 .1', t', L
tiree level s 0t ii lurinat ion, and two t inle (ondit ions. 'Itt,
Sresil ts indicated that the sixte'n (16) ;IViator0- ( ;ubi t
over-cst inIatt'd the L'l) inst rinient %,,Iii Le tie v t z el tap,

instruimeut was under-est[mated. In Idd it ion, absol it e

k errors in readintig were, greater for the l1tl) di splai t han
they wt,re, tor the vertical displav. Titme, conditions ald
angles did not have a significant effect, while illlimi-
nat ion level for the LEI) 's was of importance.

Part II consisted of a human factors facial des ign evalIui-
t ion for one vertical tape display and four prototype ILI'
displays. All (I isplays were found to be clef icient when
compared to m ii tary standards and research recommendat ions

Part Ill consisted of a photometric evaluation of the four
LED displays. The results showed that these displays werv
unacceptable for viewing inder high ambient light condi-
tions and that gross luminance differences between indivi-
dual diodes existed within the same display.

72-4 Orientation-error iiucidents in regular Army aircraft dkir-
SNMRL ing Fiscal Year 1968: Relative incidence and cost, Sept-

1143 ember 1971.

By Jorma 1. Niven, W. Carroll ltixson, and Emil Spezia.

This report is the second in a longitudinal series of re-
ports dealing with the pilot disorientation/vertigo acci-
dent problem in Army fixed wing and rotary wing flig't
operations. Incidence and cost data presented for Fiscal
Year 1968 include a total of 75 major and minor orienta-
tion-error accidents (26 of which were fatal), resulting
in 91 fatalities, 75 nonfatal injuries, and an over-all
damage cost of 12,381,805 dollars. The contribution -f
rotary wing accidents to these totals was 66 accidents
(21 of which were fatal), resulting in 80 fatalities, 70
nonfatal injuries, and an over-all aircraft damage cost

of 9,077,065 dollars.

72-5 Orientation-error accidents in regular Army U11-1 aircraL
NAMRL during Fiscal Year 1968: Relative incidence and cost, Oct-
1145 ober 1971.

By Jorma I. Niven, W. Carroll Hixson, and Emil Spezia.

This report is the second in a longitudinal series of re-
ports dealing with the magnitude of the pilot disorienta-
tion/vertigo accident problem in regular Army Ui-I heli-
copter operations. Incidence and cost data presented for
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b-,3



Reptor t Nunirtvr
! } i , i~I I,, :, il l' i !,otAt o: '0 ml<jjor .1nd rlilor

-"il o t w l ii , - ! , I i n 1 ii ttti, rtt

-' i -, 1, i i And

I t I * Iit ill .,

A O f I. !It'

!1!.

i .i-r , t i

t , 1' .i

-' ' II ' I l lt

i c ,I i r t io n t

* ivlernii if

.1 i~ I t t Lr on 1,1- c I nion, rai;hwort It,, and a
A i rt I 1 1 t I t vi i (- i itir i t, s t it s oc . lnt n

, 1 t li I or -.o and lica P'ii t 0? pooro,, it -
pa.t . t rai it t I i on-, I ..t i on a i i , i f ,rt tire did not
mvvt a I I o f it 1 d s i r , rit t, a " i ia t i tr sU.at sp1) c if i-
I.t a t i ons . I ifvnai iI, t c st s ot t lit- sa at demonust rated th nat

f it h t he add it ion of anl inert I a relt , shoulder harness
and attachent of the I lap beI t to thle floor a seat occu-
pant co ld he sat isfactori 1v restra ined despite serious
seat failure during a crash. The proposed modifications
in kit form will prov ide the seat's occupant with the
greatest increase in safety and retention, should crash
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occur, for the lowest dollar investment and "down tine"
required for its installation. This seat should not be
considered for incorporation into any future military
aircraft.

" 72-8 Real-ear sound attenuation characteristics of sixty-three

ear protective devices, by R.T. Camp, Jr.

This report was not published and is not available.

72-9 Studies of fluorometric assay procedures for Lysergic Acid
Diethylamide, February 1972.

By Peter J. Kasvinsky.

Studies of the available fluorometric assay procedures for
LSD-25 are described for possible clinical application.
Variability of plasma 'blank' background flourescence

values were found to prohibit the use of standard fluoro-
metric procedures without modification. A little known
fluorometric procedure is described, which minimizes this
problem and maintains the sensitivity of the assay at the
subnanogram level.

72-10 Evaluation of the Grumman MK-J5D ejection seat in respect
to spinal alignment, February 1972.

By Burton H. Kaplan.

Three aviators from the U.S. Arniv Aviation Test Board were
selected because of their representative anthropometric
sitting heights and seated in the Grumman Ejection Seat,
Type MK-J5D. Spinal alignments were evaluated by radio-
graphic analysis in each of two firing positions. Under
static conditions, no significant intra-subject variations

were noted in spinal alignment between the primary face
curtain or secondary "D" ring firing position. Thoracic
flexion was found to be reduced in the MK-J5D when compared
to the MK-JA, B Ejection Seat. The 5th and 95ti percentile
sitting height crewmembers appear to be more predisposed
to vertebral fracture than the 40th percentile due to seat
back contour design. The MK-J5D was subjectively more
comfortable than the MK-J5A, B Ejection Seat when evaluated
under optimal static conditions.

72-11 Helicopter In-Flight monitoring system, March 1972.

By Harlie W. Huffman, Mark A. Hofmann, and Michael R.

Sleeter.

This paper deals with the description of a helicopter in-
flight monitoring system. This system measures and re-
cords in real time, all six degrees of freedom of the air-
craft, cyclic, collective, and pedal inputs as well as
some status values.

AI)
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72-12 Vietnam returnee survey, March 1972.

By Kurt E. Lidke, Mark A. Hofmann, and Andrew S. Martin.

This paper presents some results of a questionnaire given
to 300 Army aviators who served in the Republic of Vietnam.
The questions analyzed were primarily those concerned with
work patterns, physical conditions, medical care, ground-
ings and accidents.

72-13 Orientation-error accidents in regular Army aircraft dur-
NAMRL ing Fiscal Year 1969: Relative incidence and cost, April
1161 1972.

By W.C. Hixson, J.I. Niven, and E. Spezia.

This report is the third in a longitudinal series of re-
ports dealing with the pilot disorientation/vertigo acci-
dent problem in Army fixed wing and rotary wing flight
operations. Incidence and cost data presented for Fiscal
Year 1969 include a total of 71 major and minor orienta-
tion-error accidents (22 of which were fatal), resulting
in 51 fatalities, 79 nonfatal injuries, and 11,928,660 dol-
lars aircraft damage. The contribution of rotary wing
accidents to these totals was 65 accidents (20 of which
were fatal), resulting in 46 fatalities, 78 nonfatal in-
juries, and 11,724,852 Collars aircraft damage.

72-14 Differential velocity and time prediction of motion,
April 1972.

By Kent A. Kimball, Mark A. Hofmann, and Richard 0.
..ossrian.

The investigation examined the effects of differential
target velocity, horizontal or vertical plane conditions
and air traffic controller experience on the intersection

time estimation accuracy of two converging targets. Per-
formance accuracy on this task was not significantly af-
fected by horizontal or vertical conditions nor by air
traffic controller experience. However, accuracy in mag-
nitude and direction was found to significantly vary as a
function of cursor speed with slower speeds producing the

poorer performance. A differential effect for various
speed combinations was also noted. Estimation accuracy on
the slowest cursor speed when paired with the two faster
speeds was decreased while accuracy on the intermediate
speed was degraded when combined with either slower or fas-
ter speeds. Estimations on the fastest speed were not
affected by differential pairings.

72-15 Improving U.S. Army aircraft propeller and tail rotor
blade conspicuity with paint, May 1972.

.41
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By 'John K. Croslev, Ronald . labak, Irwin . Bran, and
Robert W. Bailev.

Rotating propellers and tail rotors repr.si'nt d pot tial
hazard I or personnel while airc rat t art. on t IiC ground.

h Ibis study was conducted to ascerta in if rot at ing blades
could he visually detected more easily by tht judicious
application of paint. A total of 21 observe.rs rate d ninei
different paint schemes for effectiveness. 1i1t, recsu Its
showed that (I) the two schemes presently b v uii is.ed oI
Army aircraft rated the poorest of all thost, i ',,'st i. t
and (2) the most conspicuous scheme was o!e wh i i had
(from the tip toward the hub) a four inch seCt ion painted
red-orange fluorescent, with the remaining surface divided
into thirds and painted alternately flat black and gloss
wl i te. The black and white sections of the other half of
the blade were reversed to provide a nonconcentric pattern.

72-16 Orientation-error accidents in regular Army UlH-l aircraft
NANIRI. during Fiscal Year 1969: Relative incidence and cost,

1163 August 1972.

By W.C. Hixson, J.I. Niven, and E. Spezia.

This report is the third in a longitudinal series of re-

ports dealing with the magnitude of the pilot disorienta-
tion/vertigo accident problem in regular Army UH-1 heli-
copter operations. Incidence and cost data presented for
Fiscal Year 1969 include a total of 46 major and minor
orientation-error accidents (16 of which were fatel), re-
sulting in 39 fatalities, 67 nonfatal injuries, and

8,130,297 dollars aircraft damage.

73-1 Human head and neck response to irpact acceleration, Aug-
NAMRL ust 1972.

Monograph 21 By Channing L. Ewing and Daniel J. Thomas.

A methodical investigation and measurement of human dyna-
mic response to impact acceleration conducted as a Joint

Army-Navy-Wayne State University investigation.

Description of the experimental design data collection and

processing is given in detail. Ancillary research efforts
in support of the program are also described.

Representative plots of the human kinematic response are
presented, discussed and compared. Repeatability and
quality control plots are also presented. There are a
total of 755 computer drawn plots illustrating a character-
istic, repeatable response of human subjects to impact
accelerat ion.

A
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73-2 Major oriL1ntation-error acc idunts in reguIar \r:x liE-i ir-
NANRL craft during Fiscal Ye-ar 1969: Ac ( idLnt fact ,rs, tl .r

" -. 1169 1972

By W.C. tHixson, J .1. Niven, and F. Spezia.

This report is the third in a lonitudinal scrie s tto r,-

ports dealing with the pilot disorientation/vert igo ncci-
dent problem in regular Armv LI- Ili eI icopt r oper a tins.
i ndividiial case history data extracted from the LSA.'NS

master aircraft accident files are presented on 44 ['l-I
major orientation-error accidents that occurred during
Fiscal Year 1969. Summary data listings involving, a vari-
ety of operational and pilot-related accidtnt factors are
presented for each of the 44 cases. The listings are
arranged to distinguish between those factors and events
present before takeoff, i.e ., the initial conditions as-
sociated with a given accident, and those that occurred or
were manifested during the actual airborne phase of the

accident flight.

73-3 Development of a Bio-Pac for cardiac evaluation of porcine

research animals, August 1972.

By Thomas L. Wachtel, G.R. McCahan, and Lynn A. Alford.

This report describes a technique for implanting central
venous and aortic catheters via the jugular veins and
carotid arteries in miniature swine and the device design-
ed and utilized to protect these catheters. Such indwell-

ing catheters were easily maintained for fourteen days in
unrestrained, free roaming pigs while serial blood samples,

pressure recording, electrocardiographic monitoring, and
cardiac output measuring were conducted and infusion of
precise amounts of fluids or drugs administered.

73-4 The contractile response of the spleen of miniature swine
to intra-arterial infusion of epinephrine, September 1972.

By Thomas L,. Wachtel, G.R. McCahan, and William M.

McPherson.

The spleen of miniature swine is a blood organ which con-
tracts with intra-arterial injection of epinephrine (and
presumably other stressful stimuli) and thus autotrans-
fuses the animal. We recommend the removal of the spleen
of miniature swine prior to use of this animal for any
shock studies.

73-5 Determining the surface areas of miniature swine and dom-
estic swine by geometric design--a comparative study,
October 1972.

By Thomas I.. Wachtel, C.R. McCahan, V.illiam I. Watson,

4
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and .Michilc I ;orman.

The geometric design method provides an accurate iiicans o!
deriving the total body surface area (TBSA) of miniature.
swine and also the percentage of the TBS.\ for a given Irea.
The formula for TBSA derived for domestic swin ti and the
"Rules of 5" are not applicable to miniature swine. The
equation S equals 0.121 W.575 provides a more accurate

Squick assessment of TBSA of miniature swine.

73-6 Anesthesia or immobilization of domestic and miniature
swine: Methods and some problems, December 1972.

By G.R. McCahan and T.L. Wachtel.

Anesthetic procedures, care, and hand lg of both minia-
ture swine and domestic swine have been outl Ned. Practi-
cal techniques to overcome some of the former difficulties
associated with endotracheal intubation are described.
Atropine and halothane were considered the best agents.

73-7 Bump protection evaluation of the Standard '56-6 and pro-
totype DH-132 Combat Vehicle Crewman's Helmet, January
1973.

By Burton H. Kaplan, Thomas ). Casey, Stanley C. Knapp,
Robert K. Shirck, and Richard A. Tucker.

Prototypes of the Gentex Combat Vehicle Crewman's Helmet
Model DH-132 and Standard Combat Vehicle Crewman's Helmet
T56-6 were evaluated for their ability to provide bump

protection. All prototype DH-132 helmets proved to be
superior to the Standard T56-6 helmets. It was concluded
that the Standard T56-6 helmet represented an obsolete

design that was unsuitable for modification. The first
prototype (DH-132-1) failed to meet the technical perform-
ance criteria of the material need document. It was found
that the fiberglass layers in the helmet shell (DH-132-1)
were unevenly distributed. This resulted in the presence
of higher load concentrations over small areas of the inner
liner. In order to meet the bump criteria, USAARL recom-
mended that the fiberglass lay-up be uniform and that a
thicker inner liner be incorporated. This was accomplished
in the second prototype [DH-132-2 (5/8")] which did meet
the military need criteria and current accepted biomedical
standards. This helmet is recommended to be classified
Standard A.

73-8 Real-ear sound attenuation characteristics of the DH-132
helmet for armored vehicle crewman, February 1973.

By Robert T. Camp, Jr., Robert W. Bailey, Ben T. Mozo,
Gordon A. Schott, Rohinton N. Guzdar, and Timothy M. Hinkel.

O 4L
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The U.S. Army Aeromedical Research Laboratory was requested
bv the Preventive Medicine Division of the Office of the

Surgeon General to test "off-the-shelf" helmets that would
be suitable for the replacement of the standard T-56-6 CVC

helmet. Audiometric data taken from samples of tank crew-
men revealed hearing losses which indicated that there is
an urgent need for the development of a helmet that would
protect against the adverse acoustic environments assoc-
iated with tank operations. Previous evaluation by real-
ear tests of sound attenuation established the T-56-6 to
be an inadequate acoustic protective device for armored
vehicle crewmen.

Three "off-the-shelf" helmets were tested and recommended
as suitable for consideration as a possible replacement
for the standard CVC helmet. The DH-132 was identified by
the Armor Center as their choice of the three presented as
most appropriate for the armor environment.

A Materiel Need (MN) document was prepared and staffed to
procure the DH-132. The first group procured for engi-
neering and service test DH-132-1 was found less efficient
than the original DH-132. This identified deficiency was

corrected in a second prototype DH-132-2. Data in this
report confirms the DH-132-2 meeting or exceeding all
acoustic attenuation requirements of the MN and medically

acceptable as an acoustic protector for armored vehicle
crewmen. Therefore, type classification Standard A is re-

commended for the DH-132-2 helmet.

73-9 A comparison of methods of preparing porcine skin for bio-

assay of thermal injury, March 1973.

By Thomas L. Wachtel and G.R. McCahan, Jr..

Clipping, shaving, and depilation methods of hair removal
were evaluated on porcine skin in preparation for its use
as a bioassay substrate for thermal injury. Each method

provides distinct advantages and disadvantages . Criteria
for selecting and proper methodology are identified for a
bioassay substrate for thermal injury studies.

73-10 Rectal temperatures of miniature and dometic swine, March

1973.

4 By T.L. Wachtel, G.R. McCahan, and D.A. Perez-Poveda.

This report was not published and is not available.

73-11 Military anti-shock trouser, April 1973.

By Burton H. Kaplan.

4'
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\cuIte hvpovo 1Cm ia may occur With blood loss, f 1uid shifts
wit hI in tissue compartments and vasodi latat ion. re-hosp i-
tal treatment has consisted of posiftion ing ,at iClnt , cOn-
t rol of environment , oXyLven ladminist rat ion, wound drLss ile',

and more recentlv, intravenous f t id t Lerapv in t e rms of
time factors, quantitics administered, and effct periods.

Even more cont rovers il are the effects 'If prvssor ugeeit[S
in such states as a primary method ot choice.

The U.S. Armv's Aeromedical Research Laboratory at Fort
Rucker, Alabama, has produced an ant i-shocl, garment of
novel design which is extremely fast and easy to apply,
fits nearly all size and body configurations, and is Ox-
tremelv effective. It has been evaluated by City of >Iia uii
Fire Rescue in a series of trauma cases invo lv ing lower
extremity, pelvis, and abdomen. It results in prompt re-
turn of vital signs in the patient where neither pulse nor
blood pressure were obtainable. The time of application
and return of vital signs has been less than three minutes
in all cases. Although intravenous fluids also were start-
ed, the amount administered was less than 100 tcc in each
case cited. The device enables some degree of autotrans-
fusion from each lower extremity, while at the same time
limiting the circulation to the lower half of tile body.

Its effect in states of cardiac arrest remains to be d(-
fined. By its shunting action, it might be extremely bene-
ficial by diverting marginal cardiac output to the uipper
body and brain. The device is shown and cases regarding
its use are presented.

73-12 Porcine burn shock: D)evelopment of a reliable model and
response to sodium, water, and plasma Ioad, administered

for resuscitation, June 1973.

By Thomas L. Wachtel and (.R. McCahan.

Miniature swine are a sensitive and responsive animal for
the study of burn shock resuscitation. The sodium loads
requisite for resuscitation of burned swine can exert
rougl'ly the same effects when administered in volumes of
from 254 to 507. less than those commonly used clinically.
Sod ium excretion is more dependent upon the sodium load
than upon the concentration of the Saline solut ion. Plasma
administration had no demonstrable resusceitat ive ef feCt

ovtr and above that providcd by thte S-odilrl lil d vo lime i\I
in this model.

73-11 ihtwl, proLtt'Ctioll C'V. lk1lti0I1 01 tihc 1'tl da t/.,' 79)1 Cotml.lt
,o. I ,I iI rct 1ma ic I ( t , I o v o 7 1 .
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A prototype of the Sierra Combat Vehicle Crewman's Hclmet
model P/N 791 was evaluated for its abilitv to provide
bump protection. The P/N 791 failed to meet tile techn i .i lI
performance criteria of the materiel need document.

73-14 Real-ear sound attenuation characteristics of the hi'erra
P/N 791 AVC Helmet , June 1973.

Bv Robert T. Camp, Alan L. Croshaw, Ben T. Mo'+o, Gordon A.
Schott, Rohinton N. Guzdar, and Timothy M. Hinkel.

The U.S. Army Aeromedical Research Laboratory was requcstcd
by the Preventive Medicine Division of the Office of the
Surgeon General to test "off-the-shelf" helmets that wonuld
he suitable for the replacement of the standard T-56-6 C'
helmet. Previous evaluation by real-ear tests of sound
attenuation established the T-56-6 to be an inadequate
hearing protector for armored vehicle crewmen.

Three "off-the-shelf" helmets were tested and recommended
as suitab!e for consideration as a possible replacement
for the standard CVC helmet. The DH-132 was identified bv
the Armor Center as their choice of the three presented
helmets as being most appropriate for the armor environ-
ment. Recently another helmet, the Sierra P/N 791 AVC hel-
met, has been submitted for consideration as a second hel-
met for armored vehicle crewmen.

The real-ear attenuation test results show that the Sierra
helmet significantly failed the attenuation tests and
therefore did not meet the attenuation requirement estab-
lished by The Surgeon General. The Sierra helmet in its
present configuration is not acceptable as a hearing pro-

tector for U.S. Army tank personnel.

73-15 Study of flight environment effects on helicopter gunner,
June 1973.

By Carl Larson, Edward Wells, and Burton HI. Kaplan.

Disorientation periods of a helicopter gunner in the con-
C -t of hi., task during a planned flight profile were in-

vLscigated through the use of a computerized mathematical
model of the vestibular system. Flight attitude and crew-
man seat change data were used as input to the model and
crewman nystagmus rates and perceived angular sensations

were predic ted. These output data were then compared to
actual onboard flight obsvrvat ions ot crewman status and
well being. Thu mathematical model was found to accurate v
predict periods of disorientat ion that coincided with t ho:E
observed and were man i estcd by teither eXce.S nVSt an'pii
rates, pvree ived sensatI ions o! mot ion, or a ta'd otinat ion ot
bot 11. Rapid changes in seat anl:' WoI,r attr ibutcd as tilt,
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primary cause of disorientation with vehicle attitude
changes cross-coupled with seat angle changes, producing
a secondary effect.

73-16 Preliminary evaluation of portable aviation oxygen systems,
July 1973.

By Jay C. Bisgard, Roderick J. McNeil, and Frank S.
Pettyjohn.

The problem was to determine the requirements for portable
aviation oxygen systems during Army high altitude rescue

and medical evacuation missions, and then to determine the
necessity for R&D efforts by evaluating the potential of
currently available system components to fulfill the iden-
tified requirements. This preliminary report is a record
of USAARL's involvement in the area of Army Aviation oxy-
gen systems to include researching the background to

achieve a proper direction for study, selection of promis-
ing systems for altitude chamber evaluation study results,
conclusions, and feasible recommendations. It was found
that immediate Army requirements can be satisfied by cur-
rently available military and commercial oxygen system
components. Prior to procurement approval, however, the
recommended systems should be obtained for field testing
by three operational rescue units, the results of which
will provide the basis for the final report of this study.
Although an R&D effort is not absolutely required, a short

term effort would he desirable if limited to modification
of prototype components to maximize their potentials while
decreasing their ultimate costs.

74-1 Chronic transdermal electrodes, August 1973.

By William P. Schane.

Five-tenths (0.5) mm diameter (20 mil) 80% platinum - 20%
iridium wire vas used to make chronically implanted trans-

cutaneous electrodes for use in 14 subjects over a 19
*O week period. The techniques of implantation and manage-

ment are described. The advantages and disadvantages of
the implanted electrodes are discussed. Suggestions are
made to improve future application.

74-2 Army autorotation accidents, August 1973.

By Kent A. Kimball , Donald F. Harden, and Mark A. llofmann.

'I his report is a review of autorotation accidents occurring
during the Fiscal Years 1970 through 1972. This work pre-
sents information on these accidents and their relation to
total rotary wing accidents, ac'ident rates, geographical
areas, specific aircraft, costs, fatalities, and injuries.
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Data delineating the causative factors of these accidents
are also presented and discussed.

74-3 Orientation-error accidents in regular Army aircraft dur jug
NAMRL Fiscal Year 1970: Relative incidence and cost, August 1973.
1188

By J.I. Niven, W.C. Iixson, and E. Spezia.

This report is the fourth ii, a longituditnl series ot r-
ports dealing with the pilot disorientatio /vrtigo acci-

dent problem in Army fixed wing and rotary wing flight
operations. Incidence and cost data presented for Fiscal
Year 1970 include a total of 81 major and milnr oriL.nta-
tion-error accidents (25 of which were fatal) , resulting
in 80 fatalities, 104 nonfatal injuries, and an over-:ill
aircraft damage cost of 19,355,689 dollars. The contri-
bution of rotary wing accidents to this total wa 75 acci-
dents (24 of which were fatal), resulting in 79 fatalities,
98 nonfatal injuries, and an overall aircraft damamge cost
of 17,060,490 dollars.

74-4 Parachute escape from helicopters, August 1974.

Bv William P. Schane.

Experimental evidence shows that a parachutist experiences
no major difficulty in achieving vertical and horizontdi
separation from an autorotating helicopter. At high rates
of descent, there is a 0.5-0.75 second delay after exit
before expected separation begins.

74-5 Orientation-error accidents in regular Army UH-1 aircraft
NANRL during Fiscal Year 1970: Relative incidence and cost,
1192 September 1973.

by J. 1. Niven, W.C. Hixson, and E. Spezia.

This report is the fourth in a longitudinal series of re-
ports dealing with the magnitude of the pilot disorienta-
tion/vertigo accident problem in regular Army UH-1 hell-

'6I copter operations. Incidence and cost data presented for
Fiscal Year 1970 include a total of 43 major and minor
orientation-error accidents (17 of which were fatal), re-
sulting in 66 fatalities, 67 nonfatal injuries, and a total
UH-l aircraft damage cost of 7,706,191 dollars.

* 74-6 The Effects of initial spinal configuration on pilot ejec-

tion, September 1973.

By Y. King Liu, Uwe R. Pontius, and Ronald R. Hosey.

The effects of initial spinal alignment on the location
and magnitude of maximum vertebral stress during ejection
was studied using the Orne-Liu discrete parameter model
of the spine. Face curtain, shoulder harness, and seat
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74-8 fInstrument flight preference and field dependence, January
1974.

By Eric R. George and rark A. Hofmann.

ihis research investigated the possible relationship be-
tween field dependence-independence, as measured by the
Rod and Frame Test (RET). and aviator attitudes regarding
1FR flight. Degree of aviator preference for actual instru-
ment flight (determined by questionnaire and personal inter-
view) served as a basis for dividing the aviator sample
(43 pilots) into high and low preference groups. These
groups were examined relative to three field dependence
measures derived from RFT performance. The FR preference

factor did not contribute significantly to the variation
in RFT performance for any of the measures. Demographic
data of both subject groups were also reduced and examined.

74-9 Static evaluation of absolute altimeter display signs -

Study 1, February 1974.

By Thomas L. Frezell, Donald F. Harden, Paul I). Hunt, ind
Mlark A. Hofmann.

Six abmolute altimeter display signs were evaluated in the
static mode. Performance was measured with respect to
subject's reading accuracy, speed ani preference. Th ice
subjects consisted of experienced Arm aviators antd non-

Sflying cul lege students. The results showet a signifiant

. . b. boh tehniqus ar proided
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difference between display types as well as between avia-
tors and studCiit.

74-10 Soft (vdrophilic) cont tt I enss in U. S. ,A \r' Aviation

.\n investigative studV of the Bausch and Lomb Soflens'T"
March 1974.

By John K. Croslev, Erwin G. braun, and Robert W. Bailey.

The IIs, or standard ocrv lic or "hard" contact lenses ias
been rulativel" unsuccessful in the militarv aviation en-
vironment, particularI y when worn hv personnel flying
rotarv wing aircraft. The purpose of this study was to
evaluate the applicabilitv of one type of hydrophilic lens
to U.S. Ar-my aviation. Nineteen volunteer helicopter
pilots served as subjects and three specific areas were
investigated. These were: (1) clinical procedures, (2)
foreign body involvement, and (3) the effect of extended
(72 hours) continuous wear. The results indicate that
the SoflensTh offers certain advantages over acrylic lenses
for this specialized application. There were, however,
distinct problems encountered which may be lessened with
the introduction of new lens material and asepticizing
techniques.

74-11 Individual differences in vestibular information as a pre-
NAMRL dictor of motion disturbance susceptibility, April 1974.
1200

By 11.J. Moore and F.E. Guedry, Jr..

Certain facts suggest that motion disturbances may be re-
lated to the amount of vestibular information contributing
to sensory conflict. Individual differences in motion

disturbance susceptibility might, therefore, correlate

positively with differential accessibility of vestibular
sensory information to the spatial perception process.
The results of two experiments, while not inconsistent with

this hypothesis, did not demonstrate a relationship between
a vestibular response variance measure and motion disturb-

ance susceptibility at the conventional significance level.
The test-retest reliability of the response variance mea-
sure was not found to be favorable. The slope of the
vestibular stimulus-response relationship was not found to
predict motion disturbance susceptibility.

74-12 Major orientation-error accidents in regular Army UH-l
NAMRL aircraft during FY 1970: Accident factors, June 1974.
1202 By W.C. Flixson, J.1. Niven, and F. Spezia

This report is the fourth in a longitudinal series of re-
ports dealing with the pilot disorientation/vertigo acci-
dent problem in regular Arm\, lH-i helicopter operations.
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dI nv idti i c ase is tory daita zet r.ackt ed f r omL th I LSAA\'V
mas-ter ai rcrat t accideut I i Ites are resen[t ed onl m1a!orIl-
orientat ion-erro accdet thait oc curre i d rine.! Vis 11

Yea r 19 71) . Stumma r % d a ta 1 1st i ngs i nv olIv inc 1,,; %a va Iet v of-
operat ionalI and p ilot-reltatecd icc i dtunt f-at t ors are pre-
se n ted taor each of' he4cae. Het I o tI g re arrangekd
to (liSt ingi sh bttweenA thIose factoarS and events presenlt
hutI ore takeoff , i e., thet it ial _ond(Ii t ions asociateLd
withI a given acecident , and t lose wihichi occurred or were

manfesed o rng heaetna I ai rhornte phaseo of tie a ce

dent f I igLi_,t

75-1 Persona Ii tv aspects of p ilot er ror acc ident involivenment,
.Ju v 1974.

By M ichlae I C .Sanders , Mark A. IHofmann , Pau 1 1) .Hun t , and
Alan C . Snow , Jr.

The Cons is tent 1%, high f requenlcv Of p)ilIot error acc idents
in both mi i tarv and c ivilI ian av iat ion jprogramls does Much
to Support cxp 1oratory research whiich might [10l1) all1ev iate
thme problem. Cattell's Sixteen Personality Factor Ques-

t ionna ire (lb) liq') and a dynamic dec is ion making task (Linder
risk) were given to 51 Army aviators. Accident files were
then examined in order to classify the aviators as to their
prior pilot error accident involvement. Stepwise discrim-
inant analyses revealed that the decision making task
scores were unrelated to the pilot error accident groupings
while tihe 16 PF scores were able to correctly classify 86:
of- the avia tors as to whet her or not thev hatd been pre-
viomisi v listed as a causeC I actor in a militarv aviation
ace idelt

75-2 Some ef feet. s ot alcohlol onl Variouis aIspects (it oco lomotor
NAN, controls. Augusti- 19 7'
1206

lv I-. 1'. Ci ed r%, R . 1. G i Isoii , 1). 1 ,cIt roedcr , anrd I. .1
Col Ii is

Recon t St 11(1142 have shi0'l t ha tt enioIineo1e wit h
v isualI cont ro I o1 vest th tanLir ls-tais heprset tlc

wa s (I o s ignel t o asss thIIre pa)r t hl I Iv i nd ,e 1,entie tSsste ms
ofoculomotor cont rol I Performaince, on three taisk s

m ea suir ed bet f o re a nd a ft er rm i I d a]I c obtolI d osaget,. One task
involvedl visual suippross ;ion ot ve~st ibm tar oivstag'gmms; 'A "eCC-

00(1 involved smooth oemilomot or tr.icking of rev movig tareilet,
and o1 third rt'qumire,( repet it lee raplid votiot arv sdi it ts in
gaze'. Ocii I(lot or coo t rotI was, dec, radel on te It-t i r-s t wo
tasks, withI recovery t owa'rd thi, toit i al pert armanick I 42vu

4 hours a f t er (I r i uik togr" Per Itormance,. OT) t h, t it i rdi task was;
not obvi1 us Iv heg ri-, ailthioimei it is, pass lbhI that i~
provemenmt vi th pi-act icc, was rctarlecI Rt-st- isre, (Ii,;
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cussed in terms of neurological systems involved and kinds
of flight tasks potentially affected.

75-3 Aviator performance during local area, low-level and nap-
of-the-earth flight, August 1974.

By Kent A. Kimball, Thomas 1. Frezell, Mark A. flotmann,

and Allen C. Snow, Jr..

This paper presents basel ine data concerning aviator pcr-
formance and aircraft state variables during local area,
low-level and nap-of-the-earth flights. Further, informa-

tion is provided concerning differences in aviator control
inputs per unit of time across the three profiles. From
the data, it is evident that N017 flight places mort, de-
mands on both crews and aircraft than the other two t\'pes
of flight.

75-4 Review of the U.S. Army Aeromedical Research l.aboratorv
Conference on Aeromedical E\ecuation, 15-16 January 1974,
September 1974.

By Frank S. Pettyjohn.

The U.S. Army Aeromedical Research Laboratory has support-
ed the helicopter medical evacuation mission throughout
its rapid growth. The concept of dedicated evacuation
helicopters and crews has bee;i well proven during the
Vietnam conflict. Concurrent with this development has
been the rapid emergence of the civilian emergency medical
services within the Continental U.S. The utilization of
the military helicopter in a joint role with the civilian
community, the Military Assistance to Safety and Traffic,
as well as in its combat evacuation role requires combined
emphasis and upgrading of medical equipment and procedures.

This conference represents a unique approach to the pro-
blems of maintaining pace with the rapid developing field
of aeromedical evacuation. The informal seminar structure
provided the helicopter unit, the user, an opportuni ty to
discuss problem areas of medical and operational needs
with the U.S. Army Aeromedical Research Laboratory', the.
developer. In addition, this conference representetd a
first in bringing together operational helicopt er unit
personnel from both the 1'.S. Army and the U.S. Air Forc,
to discuss common problems.

The concepts, ideas an(] suggest ions present ed hould in -
sure tle continued improvement of medical , en t and

techniquees to providt, the highest degre of 1ed ic.1l cark,
to the U.S. Military Forcess.

75-5 The In Vivo dynamic material propert ies of tht canin,
spinal cord: A feasibility study', Augts;t 174.
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By Y King Liu, K.B. Chandran, and Willia. C. Van liuskirk.

A study was completed which showed the feasibilitv of de-
termining the in viva dynamic material properties of the
spinal cord in mongrel dogs. In the initial phase, sinu-

soidal pressure waves were induced on a flid-filled thin-
walled penrose surgical drainage tube and the wave length
was monitored by two micropressure transducers. Tie wave
speed obtained from these measurements was inserted into
the Moens-Korteweg relation to dpto tine tIhI Young's modu-
ius for the penrose tubing. The value obtained for the
moduls was in excellent agreement with values cited in
the literature. In the second phase, a portion of the
spinal cord of three dogs was exposed by a laminectomv and
then the cord subjected to an identical wave propagation
method of procedure as determined in the initial phase.
It was important to block the spinal cord jerk reflex by a
local anesthetic, Xylocainec, distal to the test section

of the cord before the start of the experiment. Thus, the
surgical tools, electro-mechanical equipment and access-

ories, and the method of procedure required for tie suc-
cessful detormination of some of the in vivo dynamic mat-

erial propert ie- ol tiho spinal cord of dogs were estab-
1 ished.

75-6 Orientation-error accidents in regular Army aircraft dur-
NAMRI. ing FY 1971: Relative incidenc- and costs, November 1974.

r.-, 12091209- By W.C. lixson and E. Spezia.

0 This report is the fifth in a longitudinal series of re-

ports dealing with the pilot disorientation/vertigo acci-
dent problem in Army fixed wing and rotary wing flight
uperations. Incidence and cost data presented for Fiscal
Year 1971 include a total of 50 major and mnor orienta-
tion-error accidents (25 of which were fatal), resultig
in 65 fatal it ies, 67 nonfatal injuries, and an over-all
a' ircraft damage cost of 11 404 119 dollars. The contri-
but ion of rotary wing accidents to this total was 47 acci-
dents (23 of which were fatal), resulting in 62 fatalities,
7 nonfatal injuries, and an over-all aircraft damage cost

of 1 1 1,)1, 377 dollars.

75-7 The hriof vestibular disorientat ion t , t as ;in ,asscssment
A, IRI. tool fIor i n-p i lot av iat ion personnel , (h, t obr 1974.

S121" A R .K. .mblt I r and V.1V. (;nodrv , ,r .

Past research has dtmonst rated tl i, valu e of t l Br i of
Vestibular [)isoricntIt ion lest (BVI)T) as a screennug t eel
for student pilots. This study is concerned with the ex-

tension of this teclinique for use in assessing the, poten-

a
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t jal Naval Flight Off ieer (NO)

The rater ID' p roct.duire was niscd IWIt rt, a'Ild inl I(dd it ion,
aperftormance task i nvolvinug a I o - tL t Mrrio v : i

the arid itorv mode was intrrdIrCed in Mrdt'r- to eair
formance decrement . Represen LAL t. -gotups of ellotI ri , U
s Loden t s were ti-S t adm un ist rel t L t emf rI ri:.:nnct s
tinder tihe exact conci it ions (It th( )- ir jlrev ie, BVi )i-( prCdtr E

but withouit rotation. Observer ;r tsnrtswere ur'rdL'ti-
iug this rotat ion sequence . Thre rei rr a hat
t IIOs. s tridents who laterl t ai i d N1O t ~ 1i :i i Cde
greater pert orruance dcre:menL 11-Ft 'rue r 1- 11\ (i 

L  Oen Is
compa red to S tat ic t han jll rees iil sl - I irdet S.Iih is
terrn iqrie is of potent ial \'alrie in scrt~cnini'NF

75-8 Oxygen toxiiity in Lilt IManmnrl idn bra-, Lit , iLeren!!hUer 1974.

ihy Deno is A. ilaeyens and J osepir 0) iBornet t

Tie l actate d ehyd roglirase (1, D I ) a ct iv itV vOf Plort IL'hra in
Ihoniogenatc2,; was examrined altrexposurre to Iivrbar it

oxvgen (5763.8 inm Iiq PO0)) and compa red to room air (,oil-
t rols (158.8 mrm IIqI P0,)). lire' effect Of reduced glhrta-
th1 ole on LDhi actC iv i Ltv af Ltr hv pe rhar ic oxygen was s, ig-
Sif iran tly dimiin isired wiren comipa red withi con trols5. In tihe

pr esete of redti rd g intatiioe*iooen sc oeit
invperbar ic oxygen tienons trated hiigiher act iv ity t han (lid
homogenates inctubated withrouit g Intat inione . rt is cone1 id-
ed thia t oxygen i ndU red inib it ion ocre , thr Lirouigih the oxi -
dat ion oft essent ial Itree SuLlfhyvlrv] groups and that tiiis
ox idat ion c-an i tir rbe prevent ed by reduced gltathii one
or thet d iso itide, hr idges mav be reducer .d to t ree srI I fi Idt
groups by the g imtatirlone at ter ox idat ion .

75-9 Evaluation of proposed elect ropl 1 te iTl-4/i' franreS Feb-
ryl- 1975.

My Roger 1). Wi 1ev * Frank S. Pet tyjoirn and( IDav id hr.(1r.

A golil elect roplated f rmie ihas bee'n reeomrerndci to repi ace
tire st andia]rd go 1(-f ilIled aviator I rame t.. SiC OIre tire1pr-

posed f rame coilt a i ns a r ie ke I1-s iIlv er ha sed nit La IW
f rame was eva Ila te t inder f it h-Id and Ilabor~i t orv (omid i t ioils
aIt tire : .S . Army% .\er omed i calI Res ea reir Labora t orv . of thre
18 siiiijects wiro wo' Hiti teLS t f ram Ls for three months,
one subietana i r developed a mii ld dermatitis alon''

t tie f ron tal I1a(d sirpraorir i ta I p r t i on of t t ]'f ace. Ciem irca I
.inlalIvs is iriui ica t td " t re" n ic kel i n sniftf i c Ien t quant ityv
t o (.'fls5i a reactL ionl t roin n ic kel s-ens i t lvei nd iv idualIs
Timis stLn(]V has s',[own that some' skin rear Lion canl be expect -

ed IFrom a smallI pi' rcen tage ot wearers i t tire gold elect ro -

plate(] frame replaces the gol1( filled f rame.
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73-10 Oxygen induced inhibition of mouse brain lactatte dehvdro-
genase, February 1975.

By D.A. Baevens.

The lactate dehydrogenase (LDH) activity of mouse brain
homogenates was examined after exposure to hyperbaric oxy-
gen (5763.8 mm Hg P02 ) and compared to room air controls
(158.8 mm Hg P02 ). The effect of reduced glutathione on
LDH activity after hyperbaric oxygen exposure was also ex-
amined. The activity of LDH after treatment with hyper-
baric oxygen was significantly diminished when compared
with controls. In the presence of reduced glutathione,
homogenates exposed to hyperbaric oxygen demonstrated high-
er activity than did homogenates incubated without gluta-
thione. It is concluded that oxygen induced inhibition
occurs through the oxidation of essential free sulfhydrvl

groups and that this oxidation can either be prevented by
reduced glutathione or the disulphide bridges may be red-
uced to free sulfhydryl groups by the glutathione after
oxidation.

. 75-11 Aviator visual performance in the UH-lH, Study II, Febru-
ary 1975.

By Thomas L. Frezell, Mark A. Hofmann, Allen C. Snow, and
Richard P. McNutt.

This study monitored, via the corneal reflection technique,
visual performance of Army aviators while flying incline
maneuvers in a UH-I helicopter. Visual performance, to in-
clude time and transition information, was gathered over
13 sectors. In addition to visual data, performance mea-
surements were recorded simultaneously on an incremental
digital recorder. Results acquired by both techniques are
provided.

75-12 Development of a prototype experimental plan to evaluate
NAMRL stabilized optical viewing devices: I. Inflight measure-
1213 ment of visual acuity, March 1975.

By David D. Glick, Roger W. Wiley, Fred E. Guedry, W.
Carroll Hixson, and Joel W. Norman.

An improved XM-76 stablilized viewing device was tested in
a scout helicopter flight scenario. Target acquisition
performance was significantly correlated with the airsick-
ness ratings of an onboard experimenter. Since there was
no significant difference between the magnitude of the
symptoms observed when the device was stabilized and the
magnitude when caged, the stabilization feature proper
could not be identified as a problem source. Parts 11 and
III of the report (in preparation) will deal with inflight

56
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measures of airsickness potential and the laboratory eval-
uation of individual susceptibility to airsickness respec-
t iVelv.

75-13 Communication during terrain flight, March 1975.

By Michael G. Sanders, Mark A. Hofmann, Donald F. Harden,
and Thomas L. Frezell.

U Safe and efficient terrain flight requires that the copilot
or navigator give verbal navigation instructions that allow
the pilot to respond quickly and effectively with minimum
confusion and head-in-cockpit time. The intracockpit corn-
munications of forty-seven nap-of-the-earth (NOE) training
flights were tape recorded. NOE communication question-
naires were developed and administered to sixty student
pilots and seventy-four instructor pilots. Analysis of the
tapes and questionnaire data indicated that the crew mem-
bers were spending 30.1 percent of their time in communi-
cation concerning navigation. Analysis of the tape record-
ings also indicated that new student pilot (SP) flight
crews exhibited a greater density of communication (t

equals 10.07, df equals 45, p<.05) than did the SP flight
crews that had been flying together. Seventy-seven per-
cent of the IPs indicated that formal navigation communi-
cation instructions presented in the classroom would be
more desireable than IPs teaching their students indivi-
dually the navigation terms and techniques that should be
used.

75-14 Report of cold climate clothing and survival equipment
USAAVS workshop, April 1975.
75-2 By Russell D. Nelson, Emil Spezia, William R. Brown,

William B. Durand, and Hluev P. Lang.

Report of Cold Climate Clothing and Survival Equipment
Workshop held 24-27 September 1974 at Fort Rucker, AL.

Recognition of needs for improvement in aviation cold cli-
mate equipment prompted the U.S. Army Agency for Aviation
Safety and the U.S. Army Aeromedical Research Laboratory
to jointly sponsor a workshop to identify shortcomings
in the Army's cold climate clothing and survival equipment
and recommend solutions. The workshop focused on specific
problems encountered by Army aviation in Alaska. However,

*| requirements of aviation units operating in other cold
climates were also addressed.

The workshop resulted in identification of deficiencies in
cold climate flight clothing, cold climate survival kits,
individual vest-type survival kits, cold climate training,
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7 I C .7\ tt-lS -vii1 idat ionl sttld, o:t Ilk- p .tso. I Iit I s I t S olf i1-

t'oA\' \'O i elthhl t i ii i l otL-er rorI ii ilot Li , arch 1 (7--)

v- ' i icI I (I . Sand e r -. ;ark -.\. It m n , a1 1d 'I'llOnlS; ,Ntek, s c

l lot-, rr -r ac cid enit si ilive don joiat cd il' iduillt stat ist cs
COFlS i S tt'i Lv I rolm tI e 1 94(s t o t he pr sent. Sander es nnt
!ot 111111 (197)) fOUnl th;lt t llr'e Ilctors I roo Cat tell 's

On Six P -C i tcrsoni I it " Factor (.)Puc'st ionna ire ( 10 PF.) shl,'td

'igI iIi lannt di IeI c rn (p (5) bt Lwten 1 ilot -e rro r ac ci-
d illt :rouIps anl We rt kisd] tO) corrtct I v class ifv Sb ; of the10

av iators te'st ed as to the i r prev ionis p i lot-error ic ident
involveenint . S ixtV-s ix avi atorS were k, ivc l, thc 16PF in
th. prost-nt stwdv in an at tempt to cross-validate the fi md-
in4 s report ed in the o-i ginal study. The rets, its d icate
tIt ilehe personal i tv facLtor (I id not significantlV d1ts-
•r im inate between t lie 1) i lot -,r ror acc id ont groups The
-" imrV p.rsonal it v d if f ncrens hetw,t,ni ti prIsenf1t seam-
ple mind the original sample were dlu.- to v'ariit ios in tht,

pilot -error accident frte groups. The find ings inI i'ate
-that individIal differoncs i n personal itv rharar-teri stics

of the aviators privent ronsi stent identif tet ioni of traits

associated wi th pilot-error groups

75-1 This Report Number was not used

75-17 ti-fl ighit eva t arion of halnd-hel l qtab i jI ,l opt i,;Il v iow-
iio (Iov iccs , Apr 11i 1975

1,v lDav idl I). C I i ck and o er I .r ' iN e\'

: ivt hand-hl Id st 1)i i ccd opt i cl view i n dev i e , i.
coilliipared in-f I ight . Th r(ek We L' t)1lot' t VIpe .Ol , I I i t-O
w, r e comierc i ;l Iv ava I I c, 1) . (oinsl ideI r i if,, . , , I ,
Co I t,xit v ,illl perlorn it.,nll i a 1a Iret e ii t I i It

onet ol t hue prot ot vp(,s looks vt- r ot- P' I in

75- 'i; W 'ord intell iri)il itv oI two tVhSs o I V, t Iit s d \

wa rin SSt e-s, prt. 1 7-).
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I,,, A] an I.1. CroshI aw, limes H-I P'at t Ison ,Rober 1t 'I. I L-p
and Benl T Mo/i)o

t t he re uues t o f t heik U .S . A\rmv \v ia;t i on Sy,'st ems Corim.;au
t. e 'S . Arrmy Ae romed i calI Res u'Zi r rc I ahora t cv conduc t tid

sp e chI in1t c 1ligiiit v teust s ot twL .o t:Yp)e s o0I s vI)thICSieX d
vo it-c warI-n i ng systerus produced hvNrhop Corpora t ion and
MCD Ill"nne I loug las Cur pora t ion . Te putrpose o f t lit I vs- t s
was- to dtermine the intelliibi 1 itv oit the- SNut heSi;'Od
spe-ech !sampl es when presenite.d alt nIorrmal colirsatt i0 ia l
levels- and. to compari' the re lat ive intv lI i iiI itv' of thIe

two product ions with each other . MeanIl in11t el] iIiI i
scores ranged roughly f rom 40 to 65S percent .Ihe s-o reus
o bt ai n ed w ith[ thIIe *Mc Donn el I1) ou g l as s i r il a Lte d mal ari 11d I e
male voices and the Northrop simulated male voice. were not
s ign if i c in t Ir diffeL2ren t.

liloweve r , re cord ings o f thle No r t It rop - rui I atI e(!i ema I c vO ikc
yielded signilicantN' lower score s t han t he san, I c. o I t lit
c'thjei' thre-e Sintilated voices. FailIiarizat ion of ti( s-Uh-
jects with test words and synlthesiZed voiCe' SignIi I 'IIItlv
improved intelli[gibi 1 tv over those not giiven the t am Il

larization training! one of thc samples evail t~tl iL iiIded
inte Iiigi bilitv St - 'h iCIh COIN ( be COnIs ilt'rid i ine t ion-
aiim adequ-ite.

75-10 Repair of acrylic aircraft transparencies: A comparison
of two commercial products, Mav N075.

Bv Frank F. Holl.Y

Th is s tidy was unde rtaken to do term ino, the re lat ive me rit s
of Pol1vs-andt andi CI. pol ishI when uised to r emove, abrasions
from the acrYl ic transparencies of Armv ai rcraft . tHeL
rest] ts of this stuidy showed that for abrasions of a mag -
n itude at least a,,S great as mode rate-t o-heavv windshield
wiper abras ions (one, of the most common tv\pces M ab rasi ve
failure) CI, pal ish; represents a faster and e-asier mneans of
r 'moving t it abraisions. For d eep scratches , owver
produict suich as Polvsand or Iicromesh mutst b", used.

75-2( Cf fet sof, oxygen ain, reduced g0!ath1oeo the' oXygenC
c'nttonn, of mouse I i ver *-a'17

W' ) I Itti A r B la.'ct andk Il I Ma rI I J Ic it-I

tIn'I ef t tct s o t- r 1), 1r ic oyvg1) tn1 1S i 0on)' 1 on 0t h V ovi' 1
etins;umpt ion of toiltsk I i r Itt loi t-ltc %e' * v~rI", ttIiat

1r of 1 Ii ntamria I i 'in 1 I i vktr . MtttIske I V " ci- o ie, u I
cd to i PO of 18 17-1-i mm 11., for M( M i nultl- itwd
rt'dult ion Inl oxygen consumpT1,jt ion cmt'dt u o x

notd o nitrogen at aMb-ienIt prt,-sttrt'. t1he of fect of ri-
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duced glutathiont( ( Sfi) as a protective agent against
hyperbaric oxygen toxicitv was also examined . Liver homo-

genates pretreated with ISH and exposed to high oxygen
tensions demonstrated greater activity than untreated con-
trols It is couc 1 tided that (1) (]SH protects important
enzymes of oxidative metabolism by keeping them in a re-
duced and viable state, and (2) GSH can stimulate oxygen
consumption by increasing succinate formation through a
GSH-succinate shunt.

75-21 Orientation-error accidents in regular Army Utt-I aircraft
NAMRL during Fiscal Year 1971: Relative incidence and cost,
1218 June 1975.

By W.C. Hixson and E. Spezia.

This report is the fifth in a longitudinal series of re-
ports dealing with the magnitude of the pilot disorienta-
tion/vertigo accident problem in regular Army UI-1 heli-
copter operations. Inciden-e and cost data presented for
Fiscal Year 1971 include a total of 31 major and minor
orientation-error accidents (15 of which were fatal), re-
sulting in 44 fatalities, 52 nonfatal injuries, and a

total UH-I aircraft damage cost of 6,337,446 dollars.

75-22 The use of opaque louvres and shields to reduce reflec-
tions within the cockpit: A mathematical treatment, June
1975.

By Wun C. Chiou and Frank F. Holly.

Opaque shields can be used to channel light and thereby

reduce reflections in the cockpit. These shielding de-

vices range from the standard glare shield on top of the
instrument panel to the mor- experimental use of Light
Control FilmCand Mi:romesh for this purpose. Because of
the need to determine the best position, width, spacing,
etc., of these shielding devices, it was felt that a sys-

tematic approach would be highly desireable. This work
shows a mathematical approach to this problem and includes

7 .derivations, examples, and a suggested figure of merit.

' 76-1 Major orientation-error accidents in regular Army U1-I
• .aircraft during Fiscal Year 1971: Accident factors,

July 1975.

*: By W.C. Hixson and E. Spezia.

This reoort is the fifth in a longitudinal series of re-
ports dealing with the pilot disorientation/vertigo acci-
dent problem in regular Army Ut1-1 helicopter operations.
Individual case history data extracted from the USAAVS
master aircraft accident files are presented on major U1-1
orientation-error accidents that occurred during Ciscal

0'0
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.\ngustL 1975.

[lv RchoCrt [I . r igh t

Fa i I ila r iza t ion was o)b)L tIne1d kn'i t I I e i 1 I ICop1t ri I I i_'it I on- 1

trol cue jug concept Il~ 101( h art ii u ti tr IiW
1 ns tr lCt o r , v thI t -ri ) 11 1s i s Onl it t oI 1 t LI I Ip I c t 1i011 to

o1 i (IIt v I~l imag i [I,, Sv st ItL Coll 1 o tt I 01 1 1 1
_.tt ot kwi id slIIi i.. I d mla rks rrned to prov ii. ) k is in in

'ontacI(t cont rol of I) i t clI at t i tiito .St L I (~It 1 trill ci d Wi LI

i t seemled to f md ,Idvanced -natc t anld ins mi. oonr I Iltl t rai in1 ing'-
much1 e;Is i cr t hanli t r ad i t i onal I I V t ra in1 L'd S-tudelonto , anld 'X -
po r iencod It,- ic o pt tir p i l ot s int roducod t o t I heo I I 'Lep't -Li IL

it p) r oy id1u(1 s i )s t antLi I l imp)r o vemen in t i t i r conlt roI-cl pr- -
c is ion . Con- hi s ions, f rom, th)is -xp L -)Io ra t o ry fam iIia r i za L i on
were the lkiettn(-r-tvpe cliL s_ (a) have potuni l for

redic ing percept ia I anih igu itI i,-s in hel iopte.r cont ro Il wit 1
night Vis;ion dev ices,,, ( 1)) inc-,-rease 1,1rokc s i on Inlid I ,ad inl
h elIicop1)tcrI con taic t con tro, I (C) s lould ( p rov ideL. a Ihigh
l evelI o f transfer t o i nstLruLMen11t t ra iin_. (d) w ithI sIi 4Ightt

ox tons ion have pateont ii a i as an a ppro.a oh aid . part iou 1a r v
for an unniirsliing nighit v is ion de~viceL', and (e) a3ppear to
hiave P)oten[t ial for ver\' s imp 1l t helicopter imu I ator vi sullI
ds plIayvs th Ia t shIIoul 1mwI -t c o ns i(I e ra 11o v aIno i cr m nt i iIl

o r t ran s itLion tr a ining.

76-3 1)eCrCo-i VeLd Vo Cloo i to Van1d al I t id II dgo(2 rmenCIt~ls durIing not amyV
wing aircraft fl iit , Sept emiber 1975.

Byv Richard N. Armst rang, Mark A. hiofmaln, liClha(2I (I

S itn doirs l.,ow is t. St11 , anitd ChIa i r Ilus A\ . [owen.

E ig ht Arm%- rot a v-vitI it% oia' ors mad o Udgo(Mon tS conicernlin--

lhe i rou nd s pee'd and at It i t uidt Oof a tl-1 h Ii co iCjto r . COM-
b inat ions of threeL croiinli s;peds and fotr altitudes were
it, 110( ac ross, I LoIr V iul SUiIIC(ni Iit i ons- inC I I( ~ig 4liol iglIt and

s irltI tted Ii i, g t C-no I i nrnonT t i,. Iin tontral , tit, t05(i t s
ind icat o II ) Ah so iit t ( t-nor i n o rouindi s;ped ost imat ions

incrase a alt i tn-h11 i nr-I''. I (,' 2 ) A t lrlilnd Speeds
above 5(1 knot s tIt-re wast t Cni-c to 0undo2 rost imalteC

groundit s.petds , aInd ht 0 ".ot 5() cuoit -1 gtrO'ili kil _St Initt'S
4wore opendent 11)00 %, iiiai con!( i t ions. ( Absolte( or nor
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reflection prohtlems.

""" . i7-5 Object visibility patternis in ow t lei] iiO 1CL , 1e1 [rtLt

1975.

liv Robert H. W r igh t and .1. Nic 101 as Dleon i

Line Of Siht VveWing angle, rfge1t ' anid ti le di. t rIo t ion).
a- I-Cre iV' < y for a 70 k ilome te sample ol I r,e- op I eve] ni-

no Ilan ( fisheye) imagry , and comparisons madi' betwen thlesc'
data and theoretical random single tre inui o sigh- (Lis-
trlbitions The effects of locatsion over op en iud t nec
covered terrain are assessed and i ited data on the L-

f[ect of atitode reSunLed Reativye azimet d, eivation.
and d r a 0f objects when thy f riset em ereL into iew

were recordled by type of object. Rel ativye angle of cross-

0i ing linear features was dlterminel, along witii the deratI tiC'n
that information of nay igat ional value colid be de terminds

Mien over trees the actoal masking I onct ion was gross].\,
different front the theoret ical corves, wile over open

terrain actual masking approy mated the five ptrcent cover
*theoretical Co~rVe at close range and the One pet ceOnt en Irye

at 1o000 meters Over trees, masking for tank sized vebhi-

cles ranged f romn 83 to 93 percent, inr over open terrain

from 10 to 77 percent maskin g. Onlav v.5 percent of liie-at
O eiires were toeturd to be orminetd t.ithi pi he or dutis o

of ifen t -fro thIe tcr ill wr, while v pern on

. within tus or mings 30 degree oth oid i -'i rl to) tovr
nose1. Tiss I ioUing iiph ics rLewin; otwthe t, s i"nu m

StK tts o it o e i '' ,,, l)Z ii , 7? . p~ -'~l ,,ii
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:lirc il-t cross4-s ft1lulr.r', is ttt arv in 0l'i'r- tO ,t- tilt-

f catnrc, dt a iI. t Iit w It Will I d, posit ,.'d .,, t , orpo ic
or i cut at ion. S h tailed wir I p I inear l.tare>
irequired tor pos itive 'eograpluic ori ottti,, '.,as ,'ai lol
or a 1ti av r.IL' o t L' t Cr'S, or (NleV -Co0 11it kno t k s.

1.I i itLd :i t , :i rc T S t d (In the I ffcc t 0! alt i tLLde ol
dIirat ion of I iIec si ht to o 1Lects that -crv idt i nforms-
t ion of va I ec in I.' 00I'r p; I I I ori nta, ion0 .

76-h I L' T 1, 1 of opaqU I onIV-rus atld s hie ls to r ct uc rcc ] I ct iols

within tile cockpit: CImput cc orcoccuts t or t,'wo approaches

to t i problem, NovcThemr 197'.

!v lXm (i h i ot, Frank 1. Ilol , ( hun K. Park, and A.. l Ir I A.
H i gdoll .

Op-1qo c sh I i d s cn be UseCd to iUlanne11 I ight and thereby
reducc refl ections with in tie cockpit These shielding
devices range from the standard glare shield on top of the
inst rument panel to the more experimental use of Light
Control Filmc and Nicromes 11 for this purpose. Previous
work in this serics has demonstrated two mathematical ap-
proaches to a specific reflection problem in the Ml-i
aircraft, nanelv, the reflections coming from the portion
of canopy directly above the gunner's head. It was felt
that it would be useful to demonstrate the compatibility
of these two approaches and to publish the computer pro-

grams (FORTRAN) for each approach for possible use bv
others.

76-7 Bio-Optical evaluation of specialized evewear: Laser
safety and dark adaptation devices, November 1975.

Bv WUn C. Chiou and David 1. Glick.

This report provides quantitative data and color vision
evaluations for several types of goggles. The first two
types are laser safety devices and the other three are for

dark adaptation purposes. It is found that He-Ne laser
6Q safety evewear conforms to the Army regulation specifica-

tion. it is recommended that one type of the safety de-
vice cannot be used for only one specific purpose. Fur-

thermore, the laser safety device cannot be used when a
detection of a red display or a red light source is re-

quired. Results from the dark adaptation devices show
4that the spectral transmission characteristics possess

virtually a common distribution.

76-8 Photometric and colorimetric characteristics of chemilumi-

nescence - Cyalume C I November 1975.

By Wun C. h, iou and Danny N. Price.

:€
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This report presents an analysis of the photometric as %.
as colorimetric characteristics of chentiltniinesceice-(va
I ume t It ias been demonst rat d that t he chem i cal 1 i 1

off ers advantages over other 1 ight sources becat e it

generates light without thermal energy. It is stitable
for situat ions where the use ot convent iona 1 1 igih t coo id
be hazardou, . I t work.s in all weather cond i t ions and
under water as well. On the other hand, its disadvantages
include the relativelv short lifetime of useful light,
the poor color discrimination because of the narrow band
spectral emission and a slight chromatic variation as a
function of time. Nonetieless, it has potential military
appI ications such as emergency lighting in aircraft, a
guide for hoist missions, a set of heliport markers, a
ground guide, or a parachute locator.

7h-9 Real-ear sound attenuation of selected commnication head-
sets available through the Federal Supply System, December
1975.

Bv Alan T. Croshaw, James H. Patterson, Ben T. Mozo, and
Robert T. Camp.

Eight different headsets submitted by Defense Electronics
Supply Center (DESC) and an 1-132/AIC headset were compared
for the amount of real-ear sound attenuation they provide.
The H-132/A[C, a "state-of-the-art" device, was superior
to all of the other eight devices tested. Among the head-
sets submitted by IESC, the 1-140(B)/U, it-157/AIC, David
Clark Prototype and USANC P/N 10673294-1 provide the most
attenuation, and the H-158/AIC, 11-161(C)/;R, 11-173(B)/AIC
and 11-251/U provide the least,

76-10 Aviator performance feasuireent during low altItude rotary

wing flight with the .\N/PVS-) night vision goggles, Decem-
ber 1975.

By Ni ci tat e . Sanders, Kent A. Kimball, Thomas I ,. F re ze
and Nark A. ot-m;inn.

Aviators were required to f lv a U11-1 helicopter at night
with and withLout night vision goggles (TI/\'S-5). "hret,e
types of goggles wert used: 410 de- rce field-of-view (EOV
60 degree FOV, and 41) degree FOV with a 30", bifocal cut.
During flight, data was acquired on over twentv aircraft
status and control input variables. The-se data, for pur-

poses of per'ormance comparison, were subje,'tted to both
univariate and mnltivariat, analvses, fl'e six subjects
(instructor pilots) also responded to a questionna ire re-
vardinv preference, trainin i and estimated capiilities of
eauch type intensifioation system. flhe major finding of
both the subjective and objtcCt ive m1easures are provided.

r'o
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76-11 Some specific effects of hypobaric hypoxia on cellular

metabolism. January 1976.

By Dennis A. Baeyens and Mary J. Meier.

The lactate dehydrogenase (LDH) and succinate dehydro-

genase (SDH) activity of mouse liver homogenates were ex-
amined after exposure to an equivalent altitude of 36.000

feet and compared to controls kept at ground level. After
6 and 12 hour incubation periods, the altitude exposed

samples demonstrated a significantly higher LDH activity
than controls. SDH activity remained unchanged from con-

trols after 6 hours but was significantly lower than con-
trols after 12 hour exposures to altitude. It is concluded
that the changes in enzyme activity reflect a metabolic
control mechanism to maintain adequate energy production
during periods of exposure to hypobaric hypoxic stress.

76-12 The effect of behavioral paradigm on auditory discrimina-

tion learning: A literature review, February 1976.

By Charles K. Burdick.

The ability of animals to discriminate sounds has been in-

vestigated using either go/no-go or two-choice paradigms.
A review of the literature shows that for easy distinctions
such as tone vs noise, go/no-go procedures are generally
learned within 200-400 trials while two-choice procedures
have taken considerably longer to be learned. The minimum
amount of training with two-choice procedures has generally

,0 been 1200-1400 trials and thousands of trials have often
been necessary. The effect is found across species and in
both positive and negative reinforcement situations. Until

further investigations are conducted, the question remains
as to whether the difficulty in training is due to method-
ological shortcomings or to biological limitations on the
ability of animals to associate sounds and responses. The
review illustrates that there is a dearth of information
concerning the parameters of auditory discrimination learn-
ing. It is recommended that investigators interested in
the auditory capabilities of animals use go/no-go pro-
cedures.

76-13 Computer modeling of the hody-head-helmet system, Vol. 1,
. VOL 1. February 1976.

By Wartan A. Jemian and Nan-Fieng 'in.

Three dimensional finitt, erltnenlt mIt hOds 0 anal sis wce
applied to the body-he ad-he cc st umet ra I sst Ct' IInId
conditions Of stat i(' ejI ilih it) idl to thet iht'al-he nc t
assemb lv in a dvnamic mode. .omnpt e prot , t rais err r t -itt en

to generate and display' result. o- the ,tr 't,'rdanlalyses

K -
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Structural analyses were performed using Structural Analysis
Program IV supplied by the University of California. Sta-
tic analysis using a fixed configuration is applicable to
the descript-ion of displacement and stress component
f i elds in the system. The resul ts of this mode of analy-
sis have the potential of yielding information relating to
loss of consciousness due to impact situations. Dynamic
struLctural analysis was performed on a computer generated
pseudospherical model simulating the drop test. Results
provide time traces of the displacement, velocity, accelera-
tion, and stress components at selected nodal points and
elements of the system. Methods were demonstrated for the
determination of a number of parameters of pctential or
proven value in evaluating crash protection or crash sev-
erity. These include linear acceleration profile, rota-
tional acceleration profile, shear stress, skull deflec-
tion, severity index, mass moments of inertia, and regional

centers of gravity. Six specific recommendations were made
tor steps to be taken in applying finite element simulation
to helmet design. These include the development of a head
form simulat ion in the dynamic mode and the addition of
elements to represent nonlinear and anisotropic materials
behavior to portions of the system as appropriate.

76-13 Computer modeling of the body-head-helmet system, Vol. II,
VOl. IT. Finite element coordinates and computer program subroutines

for a body-head-helmet system, February 1976.

Wartan A. Jemian and Nan-Heng Lin.

This report is a supplement to the basic report entitled,
"Computer Modeling of the Body-Head-Htelmet Svtem." As
such, it should be used with the basic report for maximum
clarity. Nodal point coordinates and boundary conditions

for a fixed-Body-tlead-Helmct configuration are listed. A
X3X3 pseudosphere head-helmet configuration is also list-

ed. A listing of service in FORTRAN calls on the facili-
ties and subprograms of the IBM operating system and the
Caleomp Plotter. The services listed should perform all

of the operations referred to in the basic report.
76-14 Visible and near infrared spectral transmission character-

istics of windscreens in Army aircraft, February 1976.

BV Wun C. Chiou.

This rt.port represents an analysis of the spectral trans-
mission charact ,ristiCs from 36) to 1080 nm spectral range
of sixteen Army aircraft windscreen samples. Those samples
wvre from six fixed-wing and seven rotary-wing aircraft
.i iid se ret us . We have found that the spect ral t ransmi ttance

a varies fFrom sariple to sample in the visible portion of the

,°06
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Report Nun hmbr
A prev ions report detai led tle results of the viskual acui-
itv , sp,.cts ot tile project. Thi present report pertains
pr imari l to tht, infl ight measures of airs ickness poten-
t ia I. A ti rd report will descr ie the resu Its of tIIe
laboratory evaluiat ion of airsickness suscept ib il ity of tit-
ind iv idual subjects.

-76-16 Preto i i narv med i cal assessment of the acoust ic Ihazard of a
prototvpe mechanized infantry combat vehicle, March 1976.

BV ,ames It. PatLurson, Ben T. Mozo, and Robert T. Camp.

This report contains a preliminary medical assessment of
te noise hazard inside the Mehan izued In fant rv Combat
V l0liCIe (MICV). So,,nd pressure levels were measured at
four pos it ions ins ide a prototype MICV . Analysis of the
data from measurements at three speeds on two road surfaces
indicates tie levels inside the MI CV greatly exceed the
limits of TB MED 251 and MII.-STI)-1474A (>[). Further
analysis indicates that even when commonly available hear-
ing protectors are used, the effective sound pressure
levels at the ears of the crewmen are greater than 85 dBA.
It is recommended that the noise inside this vehicle be
reduced before further development.

76-17 Marijuana and human performance: An annotated biblio-
graphy (1970-1975), March 1976.

By Melody L. Pagel and Michael C. Sanders.

lThe effects of marijuana upon human performance is current-
ly an area of major concern. No place is this concern more
acute than in complex man-machine systems, such as those
found in aviation, where degradations in psychomotor and/
or cognitive performance can result in catastrophic losses.
This annotated bibliography consisting of 199 references
was compiled to aid the reader in determining the impact
of this drug on psychomotor, cognitive, and physiological
factors considered pertinent to flight performance. The
bibliography contains an index which categorizes the ref-
erences into the following areas: (1) Reviews or over-
views of issues, literature or research; (2) Psychological
effects of marijuana use; (3) Physiological and pharmaco-

logical research; (4) Medical comments and research cri-
tiques; and (5) additional reference sources. The basic

* period of coverage is 1970-1975, although selected studies
from earlier years are also included.

76-18 Pilot opinion of flight displays and monitoring gauges in
the UH-lI helicopter, April 1976.

BY Ronald R. Simmons, Mark A. lofmann, and Michael A. Lees.

68:
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Subjective responses were acquired from 54 Army aviators

concerning the UH-I instrument panel. The aviator sub-
jects were drawn from three experience levels: student,
"tac-ticket," and fully instrument rated pilots. They
were asked to rank instruments with regard to frequency of
use, order of preference, reliability and readability.
The instruments were divided into flight displays and moni-

toring gauges. Ranks were requested for various profile
and flight conditions. Data analyses examined the amount
of agreement between experience levels as well as the
rankings concerning the areas mentioned above. It was de-
termined that all experience levels were in high agreement
with regard to their opinions concerning the frequency
with which they used the various monitoring gauges and

flight displays while hovering, climbing, cruising, and
descending in both IFR and VFR conditions. The flight
displays thought to be most often used were the airspeed
indicator followed by the altimeter. For the monitoring
gauges, engine RPM and the gas producer were ranked 1 and
2 respectively for frequency of use.

76-19 Aeromedical review of oxygen requirements of US Army avia-
tors, April 1976.

By Frank S. Pettyjohn and Roderick J. McNeil.

Aeromedical review of US Army aircraft oxygen design cri-
teria and military specification indicates physiologic
inconsistencies. Oxygen duration charts in use for U-21
aircraft are computed on the basis of military specifica-
tion using inspiratory minute volume (IMV) of 13.12 liters

per minute (LPM), normal temperature (70 degrees F), pres-
sure, dry (NTPD). Current oxygen duration charts for the

U-21 aircraft using constant flow regulator have over-
stated oxygen availability of 62.3% at 10,000 feet and

18.7% at 15,000 feet. Type regulator and dilution schedule
are listed for U-21 series aircraft. The current design
inspiratory minute volume of 13.12 LPM NTPD is the basic
design deficiency. The effects of the activity and stress

of flight require an increase of design IMV.

76-20 Lens material evaluation (goggles, sun, wind, and dust),

lay 1976.

By Isaac Behar and Roger W. Wiley.

Optical evaluations of lenses considered as candidates to

replace the visor in combat vehicle crewman's protective

goggles are described. The four areas of optical evalua-
tion were: spectral transmission, haze, optical distor-

tion, and abrasion resistance. All of the lenses were
found to have adequate properties of transmissivity and

69
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to p revent heald-i ni Urv deaths and to tr reat 1%, reltcill i
severitv inl SUrvival ace( idents , eSpolC jal I% ill :IV Lit it'll

Whtile it is accepted that hI mets , indeed, *rOV i dC s i.
ni f icant protection, most systems of- arccidcnt inlves-t

t i, i n it rv analvs Ys a nd data re'cording do ntn

heCAd traLuma as,- enlde.miC Or yen ep 1i dCT'i . 'Ir li- 'I '-
hIT cMS has ot been1 1))_0 apoChed Ie;) HedM it cIIW i , I I \ ' ! -, ,1
theW bit I k of hea d i n tu rv research i di i It t ck t k-.. cc,1

p roved trezatment and prc-vent in of di saL i Ii t. j~
forts are on t he secondar\y and tert jar%,''L'v I I' rovIn-
t ion . Head t rainma i s e2xp ens i 'e , as is the i1 a' I oot
avert i t; hut the aut hors contend that availI :i)I' -t stat is -
t ical dlata cannot suJpport the cost C1 ec't ive Is 0! V pl-
vent i ns4 head i it j iirv . In th I future', t2Xam inat iOl o1 lit ald

tramaT., , i t ' SCos and th el'f. CfectL i veness o f p)rov i dol- I o-
tLC t io mul llS t appj I V th ana 1MIV t i CalI to is o1 ep i drJ I T i ko I

no t ol y t o theit in jutrv bitt to the cq i pmetit as j'WC I I I' I k-

Ven t i oi re qiires ant icipatorV alCtion, baseLd onl th li now1m,-
ledge o! protective pertformance history,, inl ord. a toL make-
thek on1set or I urther occurreclLe Of in nurv uinliko 1v

7-2 At tenulat ion Of' I iglit tra sion in1 Ari'iV a i tca t ran-
*pa renc ies duet to sl I I ilz , Jun II1 ! 1 0

flyW n I.l (111 iou , Chti K . la r k, and (:I I r is 12I. >Ioser.

Fhe raltes of 1 ight transmission redimct ion dute to tit,
s [ant ing in eight f ixed wing and 14 rota ry wingi a i rL'lrat
transparencies have been exam inedl. Wefound thtat thek. op-
t ical qual ity at various port ions of the tUl1- t ranspare-Lil
O les and] all the fixed wing samples, pos;sess similair char-
acterist ics of transmission reduction. lilt, Ii sre ,o:
the armor glass; of liH-54 sampIles are similair tot). bi it t !it
t intel! versus the clear Afl-lG transparenc ics, aire (it it c
(I itft e~rent . 'FTe titnted samlel geLneral Iv hs27 spedt rHi

rt s l-l-viss ionl loss, compared to t hat of thlit c lea r sanpIr
lb is rCdut ionl Coll I(I cons'- t i t nt t C aI daneru loss 0t v01 I S- O

hiIitv f or t he av ia t or, espcialII% lv lr iu peLr iods of 1F,
dued-C iI1171 him IMt io 0 ntI id 1t n1ighllt . Ill,. tesnk Its ;r -nt c inl
t Ii - tui nable 111)1('tlt' poLteOnt il I s oft tlit- ot ti I1.i-1

WV 1' t a L t , 1  elec t roI-op t i ca Idckv i cts t o 'or!;-tit t h.- 10'

01 t raln -,[! is iOil reldIne C I (in in mos11't 0 t t 11 e C I t 1" 1it
rt c rriF

Is- c ih-iar , KenIt A\ K imini I I , tindh 1) A4 Andt-r 1,

ro-: l~t .I rv n-i , iv i ait o as Wke- r i ct 5 Il :1 01t ' 11

101 hilr.s vl- i I for I~ i v lays v a IOt-- 0I

t~~~~~~~~~~~~~~ Irlic-iiadni1vi allit I V lkA )t i. I-i:ro--
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tained several times each day during the study using tar-
get velocities of 25 degrees and 40 degrees/sec. DVA
performance varied significantly during the fatigue regi-
men when measurements were made with target velocities of
40 degrees/sec; with lower velocity targets differences
in DVA scores were not significant. This indicates tile
need to tax tile oculomotor system to demonstrate fatigue
effects. Fatigue effects were partially obscured by prac-
tice effects which are considerable in th( IVA task. DVA
scores correlated only modestly with subjective estimates
of fatigue intensity and flying performance, and IP ratings
of performance, but the cluster of correlations provided
a consistent picture.

76-25 )epth perception with the AN/PVS-5 night vision goggle,
July 1976.

By Roger W. Wiley, David D. Glick, Carol T. Bucha, and
Chun K. Park.

Laboratory measures of stereopsis and field measures of
relative depth discrimination while using the AN/PVS-5
Night Vision Goggle were determined and compared with data
of unaided eve performance. Using a modified Howard-Dol-
man apparatus, the stereo,copic thres'iold was found to be
considerably degraded with the man-goggle system when com-
pared to photopic unaided eve performance. Field measure-
ments of relative depth discrimination using all available
visual cues showed that performance of the man-goggle sys-
tem was statistically equivalent only at intermediate
distances of 500 feet or less. However, performance was
inferior to unaided viewing at distance greater than 500
feet. These results are attributed primarily to the loss
in resolution with the man-goggle system and thus a failure

to appreciate subtle visual cues normally available for
depth discrimination.

76-26 Versatile manova: design and documentation, August 1976.

By Thomas R. Schori.

Recognizing tile complexity inherent in human performance,
investigators typically utilize multiple dependent vari-
ables in human factors or ergonomics research. It is ap-
parent from the literature, though, that they often employ
a series of univariate analyses to analyze their data, when
a single multivariate analysis would be appropriate. In
many cases, the investigator may he aware that a multi-
variate analysis should be employed.

However, the appropriate multivariate analysis may never
have been described or it may produce results which the
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investigator is unable to interpret. Therefore, the in--
vestigator must resort to a series of univarite analvses.
To rectify this situation, the writer preparel the computer
program Versat ie MANOVA, a copy of which is included in
the Appendix. This program can handle five multivariat e
analysis of variance (MANOVA) designs that are. frequelltlv
encountered in human factors and ergonomics resuarch: (1)
one-way MANOVA, independent groups design; (2) one-way
MANOVA, repeated measures on subjects design; (3) two-way
MANOVA, independent groups design; (4) two-way MANVA,
subjects repeated on one factor design; and (5) two-way
MANOVA, subjects repeated on both factors. Each design
incorporates the "interpretation enhancemenL" featuire that
is normally only associated with multiple discriminant
analysis. In order to provide the potential user with
some basic understanding of the anal ,ses, this paper fully
describes and documents the five MANOVA designs in Versa-
tile MANOVA.

76-27 In-flight performance with night vision goggles during re-
duced illumination, August 1976.

By Michael A. Lees, David 1). Click, Kent A. Kimball, and
Allen C. Snow, Jr..

At the present time the U.S. Army is striving to attain
around-the-clock operational capability for its tactical
forces. The Night Vision Goggles have been developed to
aid the Army pilot in attaining near-daytime capability at
night. Previous research at the U.S. Army Aeromedical
Research Laboratory has demonstrated the requirment for an
investigation of the effects of low illuminance levels on

aviator performance while wearing night vision goggles.

The current investigation examined man-helicopter system
performance across several levels of reduced illumination.
Neutral density filters were used to present six standard
illumination conditions to aviators wearing night vision
goggles, and to simulate unaided eye conditions to avia-
tors wearing welder's goggles.

Significant differences in system performance were observed
when aviators wore the night vision goggle,. The results
of the multivariate analysis of variance and recommenda-
tions based on observed performance are presented in this
report.

77-1 Mass spectroscopic analysis of polvether and polyurethane

foam plastic degeneration in the SPIt-4 helmet, October

1976.

By Roderick J. McNeil and Frank S. Pettyjohn.

71
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77-- .lenl 5i i t oi -t v itlt tor v i s,-;l pertO fl l l.n c e a nd wo rkI oad
do r i lite I i copt er operat ions, D)ecember 1976.

Hy ) i lo Id R . S imIlon s, Kent A. Kimball , and Iam i e , . i in z

This report was in iL inted to rev iew the techniques nd
rodiii co<t ions developed b the U. S . Armv Aeromed lnl R('-
senrch lnboratorv for assessing visual performance/work-
lo.,d of pilots during helicopter operat ions. Althoughi the
corn(,;lI refl ection technique for gather in, eve movement
dt,i i :tiot new, innovantive modif ications hnd to be deve-
Ilopud to permit accurate data col lection in this flight
'v nironimen t T is s tudv reports on these techniques,

modii ications, and applications.

-i 77-5 The ilt vivo dynamic material properties of the canine spi-
nal c 'rd, i)eceriher 1.976.

is Y. King ,iui, K.B. Chandran, nnd .J.K. Wickstrom.

A wave propagation study was completed to determine the
in viv-o dvnami' itaterial properties of the dura mater in
mongrel >dogs. A portion o: the thoracic spin<al cord was
exposed b l am ieomitv. Tio log was artificiallV respired
oft or it-o musItols were paralyzed to prevent any jerk re-
flox initiatcd h\ the spinail cord during the experiment.
In tihe pressre, wve Oxper iment s, s inuisoidal pressure si t -
"nls were indicod on thie in vivo and in situ spinal cord
Swi th '1 probe at t ached to an elOtrolmaont ic vibrator. t

atwo other lat ion,, signals wore monitored by pressure
4i ti'ilISd(ICCI'o' preo;sed gent l' agailst tIL cord. Tih' speed of

.hte wolvt p)ropog.1tioln was doterr-i nod ait variotis trqucne'i es

from th I c:itrims'g lt i te lm lag and t ho distnuce betwcen tle'

;I -il-l It, kt v . .>>,;W ill ;I modi'l of lll m t l; t i t tub ' fiI (d

'.-wit i fl j , i he u l ing mi ltI Its- os r t it' the l r(I

o I h i tc ' oi r l i il ir met doil w s r'omtp 1t0 1( v i i I lietC So-

,'l I ', 0o,n.-K or wle,-, equiat ion . S -t i far lt(i si rLIt'ilLt wre

I.-
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mad- O n t he I\ M I aInd t 0 i 1M I waVes FlIieSU Waves We re
induiced by attaching I spec i Iv de(signed adaIpter to the
v ib rator , The propogat ion of these wave~s was mon ito red ait
two othe-r Io 'at ions, where- targets with ain opt ical li 5-

cout inn tV (black anld Vel lOW intert are) were2 mounted . I he
m1ovemntl of these targets as a reso Iu t of the wave transit,
were fol lowed 1)y an elect ru-opt ira 1 racking system. The
resuLtIs showedI thalt the spinal dir ra -mat er behaved like an
an isotropic med iumi, beinug stiffest when loaded normal to
its sur face and softesLt cinder torsi onal loading. liased on
the experimental ciata , meta n values- for thle ci rrcmferen tia 1
and axi1 la O~ing s modc)(iL i iand sheair modculis, USefLI fi or tLev
f requenc v range of these tests were recommended.

77-6 Prel iminary evalucat ion of OXy' gen uISe? 7ates in US Army a 1r
era f t . Part I - RU-211ll, November 1976.

liv Frank S. Pet tvrj olin and MJaryl - Me ier.

Accurate insp iratorv minlute voLime (DlV) is requ ired for
U'S Army f ixeci and rot ary wing aircraf t oxygen sys tem de-

s ign . h is ini i a s tucl V a [natL ec oxygen usaige rate s oC
US Army a i re re-w conduct L ig ope rat ional Mi1ss ions a t alIt i-

tUdes oIf 19,00 1 to 2000 fee't fly ving RL-2 1l1 tw in tu rho-
propel icr di r iven-i unle rPrc-su r ized ai rcraf t . insp i ratLory
M inuIt e voIlme ([1MV) was CalIcla Ited f rom the cre-w d iLIt Or
demand oxygen regul ator pressire gauige and timed mniss ion
profiles. 'The [MV rescILts were Consistenut With considera-
tLion of the 1 initeh accuracV of thle precssuir e gauige thIirough
56 flights with 112 pi1lot and copiliot crewmember's. TheI
averaige [MV was 8.09 ±' 2. 14 Standcarcd Deviat ion (51)), liters
per m inu t c (1,11N) ait normal temnpo ratutre (700'F), * res Su re.
(760) mmlg) and dr rv ( NTP 1)) . The range of fIMV was 4 .47 to
13 .25 1[I'M N'flOl per crewmian . The upper limit exceeds the
en rrent military des i gn specitficat ion of 13 .12 LPM NTPI)
indiheat ing an i nadcciiia te safety ma rg in for life support

ccqli i ipmen t

77-7 Ac romec i Ica I eva Iitia t ion of U11- I1 1 nt erna I advanced persounne 1
rescue hoists Western G;ear Corporation Hoist Models
42277 RI and 423(1 RI , [Ire : (or porat ion Ho is t E'iP 720 modi -
I icat ion, February 1977.

liv F rank S . P t tvio in . Fe rrv E. Gee, 1.1 cvtl A\. Ake rs,
0 (;~corge( P). N icc, ili iiam F. CairrollI, Pierre Al lemonci

St epht'en >1. ila icy , Ravxoncl I' . In rcu, and Thomas C
1iLrr 1 son.

Th,, I'S Army, Ac -romeIi cal Re sr Ireh I ,ahtr. t orv\ was t asked to

prIOyid w( 'aromed ical t-vai I t ion of- ;IclVamred li'I ipr r
111a11ce hl iciopttcc personnecl rc'srnek hists-'. Plys iolog ,Ic



Report Number

effects of increased hoist speed were evaluated and proven
to be minimal at speeds of 500 feet per minute. Available
helicopter electrical power provides speed up to 250 feet
per minute under load limitation. State of the art "off the
shelf" rescue hoists were sought to provide immediate re-
lief of the current "life or death" restriction of the US
Army Helicopter Air Ambulance units. Safety, continuous
cycle function, improved speed and increased operational
capabilities were specifically evaluated. The Western
Gear Corporation two-speed hoist met with design and opera-
tional requirements.

77-8 Medical assessment of acoustic protective devices proposed

for use in a prototype mechanized infantry combat vehicle,
March 1977.

By William R. Nelson, James Ii. Patterson, Claude E.
Hargett, Jr., and Robert T. Camp, Jr..

This report contains a medical assessment of a variety of
proposed hearing protective devices and combinations of
devices performed in an effort to identify a means of pro-
viding adequate hearing protection to personnel exposed to
the high intensity noise associated with the Mechanized
Infantry Combat Vehicle (MICV). Real-ear sound attenua-
tion data for each protected condition were obtained ac-
cording to ANSI Standard Z24.22-1957. Estimated effective
dBA noise exposure levels were calculated from previous

noise data and allowable exposure durations estimated lAW
TB MED 251. It was recommended that E-A-R earplugs be re-
quired for all personnel at all times during operation -)f
the MICV. Additional studies are needed to assess the
adequacy of the communications system in the MICV.

77-9 Use of inspiratory minute volumes in evaluation of rotary
and fixed wing pilot workload, April 1977.

vBy Frank S. Pettyjohn, Roderick J. McNeil, Lloyd A. Akers,
and James M. Faber.

Inspiratory minute volume (0IMV) measurements by Mueller
Re.-pirometer were utilized in the evaluation of US Army
aircrew workload and stress in helicopter and fixed wing
aircraft. The IMV data obtained demonstrates a signifi-
cant stress and/or workload level of the aviator in perfor-
mance of helicopter day nap-of-the-earth (NOE), night nap-
of-the-earth (NN(F) , and with the use of night vision de-
v ices (NVD) . IMV of 20.05 to 38.11 litcrs per minute NTPI)
were obtained during the performance of these combat opera-
tional techniques. INV determination in-f li.ght is con-
sidered a valuable clinical tool in the assessment of air-
crew stress and/or workload.

7Ii 7
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ML'1tivt lsoiree 0t L)Xy An tor US Ari- V opt ratI ionai I iXed arild
rot arv~ w ing a irc raL r. W i th tli cons-(;t riniits 0) o I r

size, and ci eeLriral poLwe'r tilt A\ri;mu 1i eril lar "ievu oxv,-
g en generator ( AMSoCJ) app rdt o EICt opt rait t onal nelted S
jul t ia I de CS ign Ws preSJ I d iC rte : 'd on 11di ir cc t r cp I a rmuIent orl

CI IrreUn)t 0oXV' gIC en qu ipumen It Ior the tw~o mazn crew OV-1 M'ohawk
sn rye LIi lance iii rc raft I n it ia 1. iienlc and hv"pobar i k thaornier
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at. sea vl uV1LS ing en Jg ine DI ted or- COiMpreSS(d Iir- at 4()
1)S I(;, 2) to0 22 1 iLe2rs per minute (IlTM) , norm-.al teump r;aItnI.re

70- F rsue I6 Io r r , d rv ( N IPI)) . N i ne t v- f on r 1) rr n-
(94< ) oxygen is expe)kcted to Support both physiolog ic needs
and preyvide den it rogenat ion capab il its., for L 'S Army a ir-

('r ev. A r oi is c n te ntL ra td to levels of 6-8. andl( is, con-
s i dcrcd to h0 l ow; however, phivsiolog ic effects have not
heen1 fill Iv def ined I In-f liht stu~d i es and tLox icolIogv
eva hrakiat i on are Coot intLIing"

77-11 Comiparison of oculomotor perfor-mance of monocular and hi-
norn lar aviators dur ing VFR heli copter flIighlt , March1 1977.

By Mark A. Hfifann and Thomas IL. Freze I I

Thiis invest igat ion prov ides data concerning the visual1

pe0r formnance of six hbinocul ar Army aviators and one mIonetLIi-
lar Army aviator during eleven flight aaneUvers . All man-
etIve rs were per fo rmedl in A Jt'l-11 Il hll (Opt er anld v isuia
dalta Were aLcquIiredC h1V Means o1 a cornea I ref lect ion tech-
21 (llt. D~ata were recordedt on video tape and 161,ml Ilm
lii11i c, t cuel vi sualI areas, were- used to intlude' eight W ind-
screen Sectors ; two side2 11 ird ow1n hnhrh iesada
ins ide coc kp it SeCL to r . Da ta p~rese-;nted in 1 udepecenag
of t. it Spent in eacwh Sectobr, ave rage dPc t, 1e per sC C
tot- and se~ctor t ranls it ion (perr1711uta;It iln) vales I inc 1 ad d i -

o0 Lto L[te oh Icut Ive da ( a , a d is cukIsio f the retrain ing
petr iOd for- thet m101oocular aiviaitor is proyvided . Thei datai
re~vealed that , inl genlerall both tilte niuiocular aviator and

4hi iiociila.-r avlators uised til te vi sial ,- se ct )r-s. flowcer
thi. tot aIi percenltage of t rlo t lie' spenUlt in these etr

were ofen d V keen an !it !ere t I I t tim. ri
(1 os t dI u hr i it fe u e ,IkI c ill v iaZ 1w i'rtforlllce. ;ljpe-alrd

Willrn a i i iil'1 t I OVI-Ecxlt ia 11i t I i L'1 it t ion 01 t 11C 'i luil -

iC l *1 1~',' it I i a 1 I dtV i C I I C \ 11r ill Lu I L ter t h , t k I Lc

.p'lt ins ii It. cl in p k t . lb lIuI' I It v ilt Ir k'", I (I I mII,
10 ptii)S rl orri' I iii vi Y 1 . 'Os;t ;lt'ri')t 31l,1t. i~i
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lopment of the XM-29 protective mask. In fulfillment of
this responsibility, complete optical and visual tests

have been compluted on the new mask prior to its valida-
tion. To provide baseline and comparison information,

identical optical testing was also performed on the M-24
aviator's protective mask, and visual performance testing
was completed with the XM-29 mask, the M-24 mask, and un-

obstructed vision. Of the 13 optical and visual tests
used, performance of the XKM-29 mask was inferior to the
M-24 mask on 8 of them; equivalent performance was obtain-
ed with the two masks on 4 tests, while the XM-29 mask was
better on I test. Several of the optical properties are
unacceptable in the present design configuration of the

XN-29 mask. Recommendations are made which should he con-
sidered prior to validation of a new protective mask.

77-15 Frequency dependence of impulse noise attenuation, June
1977.

By James H. Patterson, Jr., Ben T. Mozo, and Robert T.
Camp, Jr..

Attempts have been made to use a single auditory value of
attenuation to assess the hazard to hearing from exposure
to high intensity impulse noise and to establish maximum
allowable impulse noise exposure levels. This procedure
ignores the interaction of the attenuation characteristics
of the hearing protector and the energy density spectrum
of the impulse. This report demonstrated that errors as
large as 17 dB can result from failing to account for this
interact ion.

77-16 Auditory discrimination learning by the chinchilla: Com-
parison of go/no-go and two-choice procedures, April 1977.

Bv Charles K. Burdick.

The formulation of damage-risk criteria to protect the
hearing of Army personnel relies upon an adequate techno-
logical data base. Animal models are used to provide much
of the relevant data because of the necessity of exposing
healthy crirs to damaging sounds. Behavioral conditioning

proct.durvs used with animals in noise-damage research must
he studied to improve our capabilities to test and extract
relevant information from the subjects. Parameters of
potential importance to the improvement of current condi-

71 tioning and testing procedures were evaluated by condition-
ing chinchillas, a major subject for auditory research, on

*-.:" three behavioral procedures to indicate whether a tone or
noise was presented. The efficiency of learning each pro-
cedure was compared. The three procedures were: (1) go/

* no-go; (2) two-choice with visual and response homogeneity;

~80
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and (3) two-choice with visual and response heterogeneity.
Subjects were trained on each procedure on one of three
schedules of stimulus introduction: (1) Non-graduated, in
which each stimulus was presented on 50% of the trials
throughout conditioning; (2) 0-50%, in which one stimulus
was introduced on 50% of the trials after the response to
the other stimulus was learned; and (3) 0-17-33-50%, in
which one stimulus was introduced on a gradually increas-
ing proportion of trials after the response to the other
stimulus was learned. The effect of punishment in the
two-choice procedures was investigated. The reinforcement
in all procedures was shock avoidance. Avoidance condi-
tioning trials were presented while water-deprived chin-
chillas licked a drinking tube in the center compartment
of a three-compartment shuttle box for water. It was
found that go/no-go procedures were learned faster than
the two-choice procedures; there was no difference between
the homogeneous and heterogeneous conditions; punishment
did not have a beneficial effect on learning; and the
schedule of stimulus introduction substantially affected
the rate of acquisition in all procedures.

77-17 Optical characteristics of laser safety devices, June 1977.

By Wun C. Chiou.

Six types of laser protective eyewear were evaluated in
terms of their optical properties and spectral character-
istics. These six types cover the protection for almost
the entire visible spectrum. Type GG-9 and Type 0G530 can
be used to protect the He-Ne laser (@ 633 nmr), type OG-590
and RG-610 are for argon laser (@ 500 nm). Type BG-18 is
for Ruby laser (@ 694 nm) and type KG-3 are for Nd: glass
laser (@ 1060 nm) or CO2 laser (@ 1060 nm). The optical
properties and spectral characteristics are investigated
by means of average and full spectral transmittance as
well as their corresponding CIE chromaticity coordinate
values. Results suggested that one type of the protective
device should be used only for the specific laser. Fur-
thermore, the device should not be used when a detection
of a chromatic display or light source is required.

77-18 Toxicologic gas evaluation of the utility tactical trans-

4 port aircraft system (UH1-60), July 1977.

By Richard L. Schumaker and Gary D. Pollard.

Accumulation of toxic gases in the aircraft environment
can produce a critical operational hazard for the aircrew.
In addition to obvious symptoms, such as burning and irri-
tation of mucous membranes and difficulty in breathing,
other more subtle effects are noted as a general decrement

81
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(no), n itI rov'n d tloxidij ( oU)t, ni tric o:., iid ( 0O), oiiltiit-

A d io:.: idi' (.i' .) , and Li xit roton ,tl i di' (['ii) ,'t- 0 found on
ranomiti >;ll lp i Ii's t .'C'. 'c d tLf Iit o ''ic i pLit ion l ,I f i 't '' alld ll', I ti1
A n in is t r t ion ( OSI A) sktni rd . I iCtn i (iji. to V1 I Ulat

11IS oil-I i li arc. hi I , di , I i I opId Con t i nnOn S I V 1) qiian L it

t FIi . t1 LOX i' C l dt)OIl lL.

77-19 1 1' i(i tin , iAndt 'oS t oI o r iant at i ol-i.rror ic' i iiit s inI ri,;1n -

I ar Arv a i ic rft. ov, r N 5-v'<,i r s t nMv pei rod SUP L 'OlT iL"

1977 .

',' I.. txirr'oI IL lixson and !iii 1 ,Spc.,in.

Stit ist i'il data preseniinted indicatei spat ial disorientation
-i I i 'O)tt, r i- i s N i g T i c iIn t I i,/Lit LaizardL vUrv oi.llpir-
;11i I n mnan i tIdU to theL liriat gc ni'ril I v accrpt ied as hi'iiit

presint with militarv opirat ion ol f-ixed wing aircraft.
St Li' total 0tiiiihitrl O aic'i'idemnts thit O C'i'iri'id ini 'o'itar
wing ( g ) aii-craft over tiit study puriod, oriintation
ir ror aonLid for approx iatlx' 7.4, of tihe total, 16. 5

of tie total niuibe'r of lIta I acciiIcnt 15.8' of1 the total1
" liiil ,- o I la I it i's, 9.4 ot t he, Lo t iI uilt e'r of nion I aL a I
• in U ri's, and 1t).'3 of t hi t ota I a r raft do1lar dLooaIII
... t s . ti - i r ik a iso iai tol w it I I111 or iCltilt ion-i-ror aC-
v idcnt in a lit., a ircraf t was al so most si it'l f iant in that
35 or tue airidcnts welei f atal . 'I1hc SLudv' also pro-

vi , es qLnn it ativ v tat a to val ida te tLe Ligt acrideint risk

.not 'ombat losses,5) of vombat -or i inted f 1 igit opi-at ions.
'I r c r;rI II t of all I I'is tM ' 1 Cin ai iIt aI- L'I aCt-

fIt t s , ' r 1)( , i )(0 1 1 ig; t LIn i ) inI V I e t 1, waS a p r': -i
m at vI' 2. L i mo's ri'.liat er Lhan t 4 , r at e s swhvr for ;iri-
I, Cu of al t Vpt,'. 2.1 t ini'.- e.it,.i kr 1f0r )i lot-orror i C -

"n q. ,-nilt I. 1 t iiiy rat r - I o f Orint t iOnll-itrOr d( Ci-

de,,nt .

77-20 lt, ti t f tf III nip-ot -tii''-,',-L ti lt. ) LeIi, 'opt Fr V l'i ',g OT

L i ot h 1 oas anl iu iii' h1i o''i'in i .i '-1 , li Iv I IO'

I . t I\ ' a .iit I ;. .\nd , r-;O ll , I\'O I'r i~ L T I. ,'W , , :. Ir ),, l l,i I . 1)i t ,

. ." ' li<'~~~h l ii <>o p t ( r, p i Ilo t:, 1 in , 11 1 T -11 it ,.I%1v i1 1 )-,o l - t [i , , , i i ( t l
'iii rj olit i', I x ii'l I o I i ,- ''L " i i ' t i'- 'iillt ,,! i
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(P .(.)5), serum uric acid (P .05) and blood lactic (I' .()I .
Preflight cortisol was signif icantly higher thalln post-
flight (' 01) and post-f I ight catuecholomint e -cr-t ioin
rate was higher than dui ring the 3 hour pos t-fliglt s:p I h
period (P .01). The biochemical results are cons i-S;t cut
with the reports that NOE flight is phVsically1 more c-

manding in terms of muscular strain. The incrensed aCeI
cholamine excretion may indicate the perception of :'0.
flight as a more demand ing and stressful act iv it tt
flight at higher altitudes. In I igit of pre iou, work,
the higher serum uric acid levels prior to NOY f lioht ,,
provide a measure of the pilot's psychological preparatiol
and possible performance during NOF flight.

77-21 Phvsiological parameters associated with extended hteli-
copter flight missions: An assessment of pupillographi,
data, September 1977.

By David B. Anderson and Wun C. Chiou.

Six Army aviators served as subjects in a study of various
psychological and physiological parameters associated with
extended helicopter flight missions. Presented arce re sII tS
of the initial pupillographic data collected in this study
as well as the problems encountered and the recommended
solutions. The waveform characteristics of the pupillarv
reflex response to light were irregular. Furthermore, the
blinking frequency increased and the pupillarv amplitude
varied as a function of loaded flight task. Results re-
vealed that the average pupillarv diameter was smaller in
the morning than in the evening. This report recommends
the future use of pupillography in which an evaluat ion of
pilot alertness is needed.

78-i Bio-Medical evaluation of the Standard >1-1 and Candidat e
Personnel Armor Svstem for Ground Troops (PASCT) helmets-
seondarv injury evaluation, Octoher 1977.

By John I). Current.

The Pt rsonnel Armor System for G;roun d Troops (PASC I ) hil-
mets art, Candidates for replacement of the Stzand a rd A, N:-I
Intantrv helmtet. lie PASGI helmets re one.-pitc, • Key Ila I

laminates in two areal densit ies: 30 o f/si it nind > k,,

st (t. The two candidate PAsT helmets wetre evalunate0 il.
co parison ith1 the 1- lI mCt r-car (n t I , eir ali lit t r
i "-- . l irt' hI riect -t ei LO t itol1 and pr e venVk t 11 oiIlar'.' in 1 ' ( k. '

or c osI hoind i iiIr%, ) ,hen impc t ed 1y a t \pi a I non-

pone t rI t i ant i-pe sot11 I f ra, on t )ro it-ct i I , I t %wI-
Con I I Ctd that thc two ca didat , .\SC I' li t I , t an- 1-

lit' lmtt proviejod aL ta t , prot iCt ion ral ns -t,- , , it-
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injury and insured helmet retention when impacted by a
typical non-penetrating anti-personnel fragment projcc-
t i le.

78-2 Muscle stresses induced by infantr\ helmets of t tD2 Person-
nel Annor System for (;round Troops, October 1977.

By Jlohn C. Johnson and Mark S. Bllackmore.

The muscular stress produced in the neck by two proposed
infantry hel Inets was compared to that produced by the
standard 1-1 infantry helmet, The two proposed helmets

were developed as a part of the Personnel Armor System for
Ground Troops (PASGT). The lightweight PAS(;T helmet (3
oxz/ft 2 arc.al densitv Kevlar) had a mass of 1.208 kg- and
the Standard M-1, 1.524 kg. Muscle stress produced in
human subjects by each helmet was measured electrom o-

,rnphically in four positions: prone, sitting (static),
sitting (during vibration), and walking.

No statistically significant differences existed between
the muscle stresses produced by any of tile three helmets
in the prone position. No statistically significant dif-
ference in muscle stress was found between the M-1 and
either of the two PASGT 4elmets in any of the positions
evaluated, The 38 oz/ft- areal density Kevlar PASGT hel-
met produced significantly greater muscle stress than the
30 Oz/ft 2 areal density Kevlar PA,,(,'I" helmet under three
conditions: in the static sitting position where the dif-

ference was 1.9/ (p-.04); in the sitting position with
vibration, where the difference was 3.7' (p-.01); and dur-
ing walking where tile difference was 3.1% (p=.05). These
differences are considered physiologically important and

are felt to play a role in cumulative fatigue during con-
tinuous wearing of the helmets. The 30 oz/ft 2 areal den-
sitv Kevlar helmet is recommended as producing the least
muscle stress as indicated by this determination.

78-3 Comparison of analysis techniques for electromyographic

data, October 1977.

By John C. Johnson.

Electromyography has been effectively employed to estimate
the stress encountered by the forearm flexor muscles in
performing a variety of functions in tile static environ-
ment Such analysis. provides the basis for modification

of a man-machine system in order to optimize ttie perform-
ance of individual tasks by reducing muscle stress. Myr-
lad ;Inaivsis methods have been proposed and emp loyed to
convert raw electronivographic data into numerical indices
of str.s and mort' pecificallv, muscle work. However,

- '
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tile type 01 anlalvsis tuihi i appli cd to iitho dat v

Sign i icant lv al feCL tll hOllcu OPA ()f tihe oX:pt' r:I it t )
this study four methIods tOf anal 'I' Is ar' IT!i )10%L'vid to si -I
t alI OU Sl process elIectromivograpi I I data L l ;I ' 111( tss
aIn a IVs is i nl c Ideu tl11(2 foIlI ow ig

1. ItLeg ra ted IK~( (thIree sepalrate t ic' o.s, ii

P OOt HIi'i0I Stiii ; o 1 tic'I

Pol'ctk lo., igh t d isc r in i naiit i onj

4 Tuinms coiunt iog (Ltwo Tnc'titotls

Xuc'han i calI s trs inIpuIt aIs ail' ik.d tO tic' AF. ()I t;1 sih-

ie C LS 10(1 I Hoes sit ct I,' I cZIat anti V i ation. iW s t nix O-

vealIs the comparait ive sensI ~t i v 1 t v1 oa I i, 1(1t ttvlii it

to chlanges in FIC'( rusii t in i 1 1f11 rcini agi' sill statI iv c and
tiv11ani i (. Ioah onl the" iiisc I c

lit-, colic I uis ion of 11S01L 1c' s tit\ aIdv re

'Iit( total i ntLeg ra t'le co: L'' roiivog raiph I c it l tIt aInId

tilt, RIMS value of t he ele(.ctL rovivog(,rapi I c Ot IcL; ir-
both linear functions o1 appli ed stress.

2. i LIinl tile range_ oft in t Lgra t ion t ime con stLanlt eva 1-
iialteci ((1.1I - I . 0Il oSLc) L the i1nt egratt elec t romlIo-
g rap h itc actL ivi t\v verslis ap Il it'd sit roLSs cu rve re.-
mau ins 1i igli I v Ii nea r.

'. llt' peatk hot iglit cIi iscr inin iat ion t o c lin I qucu ail Lic
ti ums amp I iL tidoe I s tog ram a rt' Lot li !Ii igi I v'50
t i v t o c L t- rofmvo g ra il)i it chI Ia 1ge(IS in1)d I t L)v vi b)rI-
tio rv st I il II

4 . Pt~ak lie i -411 t d I SC r ini i nat i onl and tL Insll, count tri (to il-

I I ( I it'S111V VLF Vac a v i nar r ow 11 Lneir d vn am i c r;igc and II
Lr not 1el so i t ed t o S t11d I es inIv oIv in g stLreLs s

v tiria t i onIs o ver a ideII . r;''c o I vaIose ,.

7B-4 Ie hItC' t COlt I Iuo nd i t ico n i -,g :Cor rela t io 01f0 st rcicto ra 1 t cup-

cratures in aw tiia anti s imiia teod t nv i ronmen t s, Ottobc'r
1977.

Bv John C. Johnson anti S tan ley C. Knapp.)

Anexperiment waS conthIIC ted at the U.S. Arm Aeo dil
Research iLaboratorv (L51'ARl,) , to correlate the helmet
thle rma 1 a rae t r ist iCS found inl cold tc'mp ma tore conhi-
t ion ing as, reqicire'd b's ctirrent impact test methiodologies-
American Nat jonal Standart,,; Institute (ANSI) Standarcd
Z90. 1 ;Ind thet D~epartmen t of Transpor tat ion (DOT1) lot or
Vehi cle Safety Standard (MX'S No. 218, N'otorcycit' Helmet
49CS5R571 .218)--and tile' thiermai chiaractceristics which Occur
do ring actual List, Lv the wear-er in a tcolId envi ronment.
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Four types of hehl.metsl weet tc iS-dl in this c'VAiI"ti,,n: iliqn

Ssuspension, orl-f it , stlnldard ' torr\'cle, :it] d , iort maiotor-

.cycle hclm:ets. mvperatures ' re takt'n wita in tdi hclrc' t
7.- st rut'ire using tLhe'rmocoup l's at the f- l o lwina lo cat ions:

on Lop of- t ht' txLurior slT')-(it',. of thw shell t td , inutcr-
face'12 between tihc' shell ai th c (rui, .hal)Ie liner, at t he
c'c'nL r of thi' urn shah I 1 cr sht'e l r an at tal d , n(-nt r of tLi.

IonI ort l Inec .

"ata froi i this vxper imcnt was plot ted graphical a and
Yielded the following informnation: 1. IumpvraL rus ot
i helmets preconditioned and tested according to ASXI SLand-

arid Z4(0.I and I)OTMVS 218 do not corrclate with tcrpucrturs
t identical helmets used in the cold cnvironmcnt. 2. ic

d I screpancv t hetwuen lelmet structure temperaLiirc foilowing
ANSI Z901.1 and liOTMVS 218 cold conditioning and t,'wt inV,
,Nod .-iP:'itlated 'old climate usc , is dependent upon a imct
s rut'Liir' Ly p' and the ambient temperature' w'licli k.r i-,Ied
during the s imulated cold climate use. 3. IIc slop. of
tet temperature gradients (temperatures versus depth in
the hLeIilmtc' structure for simulated cold climatc use) when
compared to ANSI Z9).1 and 1)0'1 MVS 281 impact test condi-
Lions, wcre opposite in direcLion. Under sirula d cold
cL imate use condit ions the helmet is coldest on tle out-
side and warmest on the inside. The reverse of this is
true under ANSI Z90.1 and i "FIAVS 218 conditions.

Standard helmet impact test methodologies do not simulate
potential, real world, cold climate conditions. The stand-
ard impact test methodologies are inappropriate for the
determination of cold temperature dvnamic response of a
helmet system.

78-) Visual workload of the copilot/navigator during terrain

[light, December 1977.

By Michael G. Sanders, Ronald R. Simmons, anu Mark A.
A. lofmann.

The emphasis of aviator workload has been of primary con-

cern to the U.S. Army aviation community sine the incor-
poration of low altitude terrain flight techniques into
the helicopter tactics repertory. Since navigation is
a particularly acute problem at low altitudes, this pro-
ject examined the visual workload of the navigator/copilot
during terrain flight (nap-of-the-earth, contour and low

level) in a tH-111 helicopter. The navigator's task was to:
(1) perform a map study of the prescribed course, (2) dir-
ect the piliot during the flight as to the directon o
flight, altitude and airspeed desired to traverse tot-,
itoursi , and (3) identify hover points and cieckpoints

%
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along the route which were 'iven to the navigator in terms
of six digit grid coordinates. Visual performance was
measured via a modified NAC Eve Mark Recorder used in con-
junction with a LOCAN high speed camera. This technique
provided the means to objectivelv record and analyze the
navigator's visuial performance t irough the examination of:
(1) Visual timt inuside tie cockpi' on fli, .ht and eng-ine
instruments, (2) t inc inside the cockpit on the map or
other naviat ion ids, and (3) time outside the cockpit
in various W indscruen sectors.

A visual free time task was ut i ized to det im. ine the
amount of visual tiMe the navigator Iia) avail alh L, during
flight over the prescribed course, for a nonfl ight re-
lated task. The dlata ind icItC that the navigator's normal
workload was demanding; t h, v isual fret t iML. task Was Litil-
ized only of the total tllit.. The data a]so indicate
that the duty of navigating ruquilred 9!2.2' of thu copilot s
total visual time whilc the engine and flli-ht instruments
were utilized only 4,. of the time. These data are discus-
sed in relation to the copilot's specified duties.

78-6 Visual performance/workload of helicopter pilots hiring
instrument flight, January 1978.

Bv Ronald R. Simmons, Michael A. Lees, and Kent A. Kimball.

Flight under instrument flight rules (TFR) is reported to
be one of the most important factors contributing to avia-
tor fatigue during helicopter operations. This study was
initiated to collect visual and psychomotor performance
data in an attempt to investigate and study the general
visual performance of aviators during IFR conditions. Two
groups of aviators, with varied experience levels, were
the subjects.

A NAC Eve Mark Recorder and the Helicopter In-Flight Mon-
itoring System were utilized to collect the required data.
The results indicated, among other findings, that pilot
subjective opinion does not agree with objective data. Ad-
ditionally, the attitude indicator and radio compass com-
prised over 60Z of the pilots' total visual workload while

the aircraft's status gauges were monitored less than 10%
of the total time. These data should provide invaluable
information concerning the visual requirements of pilots
for safe helicopter operations.

78-7 The interaction of carbon-monoxide and altitude on aviator
performance: Pathiphvsiology of exposure to carbon mon-

oxide, April 1978.

By Joseph C. Denniston, Frank S. Pettvjohn, James K. Bovter,

.4 John Kelliher, Bruce F. Hiott, and Charles F. Piper.

87
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A reappra isal ofI the int cr11 t ion (1 nairs ii i::ttii:1do un

a! t itude is presented in I ight 0f current COncopt. of 1 heli
pathophysjo logv ofI low level uxonuto carbon :nonox ide

TFhe review inclundes a d iscuss ion of: 0I) t he potent iil
sources of carbon monoxide; (2) t he Facit o rs azi cct ;ii' t he
absorpt 10o1 , t rans[)or t , and c Ii i na I i oni 0 I a rhon r~onicx idc;
(3) thut effets of c arblon mo~noxide oin hitmarnil t oi
cog1nit ive !uinct ion; (4) thu initeraction: of carbhon ton-

ox ide and ait itutde , and reuol ting .ivpwi: L (3) t lit on-
cupt (of euivaleint plisii)Iogical alt itlits; (Ut) pr"! itt -

A l1u Aef Furts of t raiis IiL e I vat ion i it carbon rmono' idp

(7) lim its of carbon monox:idc uxposn uro aind t hel
his ic pathloplyijol og ical cllangus occurring,, with li ipobi i

livpoxin and/or carbon monox ide hypoxia.

788 A porcine bioassay mut hod Ior analysis of Lhermal i pru
tort ivc fabrics: A clinical grading system, Jont_ VtJIS.

Ilthomas I.. Wachitel , Francis S. l'nox , IlI , and C.P
Mtahian , Jr.

A clinical grailing s\'stem of severi tv of Cultaneoius burn
wats develioped in a portin u ttantetus horn hi onssav modetl
using a flam at hu rna source . From nfc appearainco,
color,* susa ition* t I i I resp)onse t utiarit v of lii in-

chorjog , and appea calico ()it cit sec tion11, a p rogressio lol0
the sever itv of horn inu li'cs dCVeO lpCd and docuinitedc

With soc ia I still photog2raps l 1i _gli-Spuud C i Heplioto-

mar rogra phv~ and r I in ica I dcc r it ions,. Var tat ions. in) t li
grailing schleme were reqiirued tor skin ip11rotec Ited or partiLalI-
Iv proltetted fabricis, 1)lackened withI st ove po I i sh, or do-
pci ted o Ii it "s c i ron a at ionl

78-9 Evlud~t ion of four theormal I v prot ert ive fabrics iisinig
US.AgL. 11 taS-irlV not hod, hinut. 1178.

ranr i S > . Kilo:.: , I 1 I1 1bm 1. \ 'lt01 , at

Iih Un itoel Stateis Army AcromLotiC Rt e ourh aoa r
('SA.ARI.) porc inecut Iancos hi oassav torlin iqn was tisuti to

0 ~~~determne whiat miit igat ing1 ef fect fou r thermal Iv proteoct ive
.i flgiht siuit f abr ics woul d have oni f ire- indiiced sIkin dlamage.

IThe fabrc is were 4.S oz' t w iIl wexavo Nomox aram itlo 34.3 o:"
staili Itzpt t~ will woaVo 11111vbenirtmidaz:o Ic !4 -i.:5 :: p1lain

Wu.' Xtt iJoit fII ligjl t'ilporatuir p0 no an(! -4S :

201 Limes in .uich .0 1 our cot iniii~t i tns : is a sinvilo
laver in contact with hII . kiu; as- a tu laxor wih
0, 13 mil (not- liir ti 1inc ) alit ga h tkworn ii i and -,kin-

in Oin n tin with Ii a it toil I -sli 1rI with n'' alit ' i n

F toal i v in conli nc t lOl withI a I -sh irt %Mitl a 6i. 33 mAir
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gap between T-shirt and fabric. Baru skin was used as a

control.

A ,IP-4 fueled furnace was us'd as a thermal source and was

adjusted to deliver a mean heat flux of 3.07 cal/cm- sec.
The duration of exposure was five seconds. Four h undred
burn sites were graded using clinical observation and
microscopic techniques.

Used as ingle layers, none of the fabrics demonstrated
superiority in providing clinically significant protection.
When used with a cotton T-shirt protection was improved.
Protection improved progressively for all fabrics and con-
figurations when an air gap was introduced. The cxpuri-
mental high temperature polymer consistently demonstrated
lower heat flux transmission in all configurations but did

not significantly reduce clinical burns.

78-10 A porcine bioassav study of the physiological effects ol
fiber and dye degradation prodticts (FI P) on burn wound
healing, .June 1978.

By Francis S. Knox, ITI, Thomas L. Wachtel, George R.
McCahan, Jr., and Stanlev C. Knapp.

Upon exposure to the thermal environment of an aircraft
fire, many fire retardant fabrics of-f-gas fiber and dve
degradation products (FI)P). Condensation of tie SU pro-
ducts on human skin raises questions concerning phSible
deleterious ef-fects on burn wound healing. A por i e
bioassay was used to study the physiological effects o1
FDP. Selected areas of living skin, protected by dyed
aromatic polyamides and polybenzimidazole fabrics were

exposed to a thermal Source 1d jiisto'l s 0 i mu late aI post-
crash JP-4 fuel fire. Burn sites contaminated 'ith Fili
were evaluated by clinical observation and histological
techniques. Healing of the burn wound was fol Ilowed B'v
recording time to begin upithelial izat ion, time to c'losuL
of an open wound, and the amount and type of cicatrix for-

mat ion. The experiment showed that each fabric has unique
off-gasing products, The grcatest amount of FP was de-

posited on the skin when tite skin was covered by a single
laver of shell fabric separated by a 6.35 mm air gap. The
presence of an intervening cotton T-shirt decreased the
amount of FDiP' depos ted on the skin. We found no evidence
t hit FlD) c:u sed a 1 ttra"t ions in wound heal in .

78-11 \ porcinc hioassav' mthod for anal'sis of t ,ermal v pro-
tc t ivye fabr ics: .\ histolooicol i and hi rn dejpt I i urdi,-

Ss\'st en, ,lE'c i 7U8

Bv Franc is S. Knox, III, Thomas I. Wach tel. Walter P.
4 lrevetlhan, Geore '. ac'(hihan, .I and R.,. Brown.
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A histopathological and burn depth grading system that can
be employed in a porcine bioassay of thermal injury is de-
scribed. Biopsy specimens taken from burn sites including
both burned and normal skin were fixed in unbuffered forma-
lin, embedded in paraplast, sectioned at 6-7 microns, and
stained using a Naval Aerospace Medical Research Labora-
tory modification of an Armed Forces Institute of Pathol-
ogy hematoxylin and eosin method. Completed slides were
graded by a pathologist using a scale of from 0 for no
thermal damage to 10 for thermal damage into the subcut-
aneous fat. Measurements of normal epidermal thickness
(A)*, normal dermal thickness (B), and burned dermal depth
(from the epidermal-dermal border down to the damaged/
normal tissue border (D-C)), were made using standard op-
tical techniques. In order to account for swelling or
shrinkage at the burn site, additional measurements in-
cluding (D) dermal thickness at burn site, (E) total skin
thickness at the burn site, and (C) burn depth as measured
from the fat/dermal border up to the junction between nor-
mal and damaged skin were subsequently made. A burn depth,
corrected for shrinkage, was then calculated as follows:

(A+B) - C [(A+B)/E] = corrected burn depth

This shrinkage correction amounted to 40-50% in burns with
histopathological burn grades of 9 or 10.

A set of photomicrographs, one for each histopathological
grade, is presented as an aid to others attempting to use
this method.

The method provided the quantitative burn depths required
mathematical model development but is somewhat tedious to
be used in screening thermally protective fabrics.

78-12 Medical evaluation of sound attenuation and electroacou-
stics characteristics of a prototype DH-178 protective
helmet, June 1978.

By James H. Patterson. Jr., William R. Nelson, Ronny H.
Marrow, Claude E. Hargett, Jr., and Robert T. Camp, Jr..

A medical evaluation of a prototype helmet was undertaken
to determine its suitability for use as a hearing protec-
tive device around artillery systems. The real-ear sound
attenuation of the DH-178 used alone and in combination
with E-A-R earplugs was determined. The combination was

found to provide exceptionally good attenuation. Distor-
tion measurements and speech intelligibility measurements
were made using the "talk-through" circuit which is integ-
ral to this helmet. The disLortion of the circuit was
found to be excessive and the speech intelligibility was

7.*
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somewhat degraded. The "talk-through" circuit of this

prototype is not considered to be "state-of-the-art".

78-13 Evaluation of Iragon anti-tank weapon for toxic gases
while firing from an enclosure, May 1978.

By Gary D. Pollard, James K. Boyter, and Jeffrey Watson.

Toxic gases evolving from the Dragon light anti-tank wea-h pon have been measured. This paper describes tile way this
measurement was accomplished and the results thereof. In
addition, a computer treatment of the response of a gas
cell of an infrared analyzer to changing concentrations
of gas with time is described in detail. This computer
model was applied to the Dragon data.

78-14 An evaluation of perceptual-motor workload during a heli-
copter hover maneuver, May 1978.

By Michael G. Sanders, Raymond T. Burden, Jr., R. R.
Simmons, M. A. Lees, and K. A. Kimball.

Stability augmentation systems are purported to reduce
pilot workload during hover, nap-of-the-earth, and IFR; i', aneuvrs. The current research project examines a method

of aiding the MEDEVAC pilot in performing a hover maneuver
while perhaps reducing workload. A modular, four-axes
stability augmentation system (Ministab) with integrated
rate attitude and heading retention was installed on the
USAARL JUH-IH helicopter. Participating personnel for the
project were nine US Army aviators with a t'tal average of
1172 flight hours. The aviators hovered at 30 feet above
ground level for five minutes under each of the three fol-
lowing flight control conditions: (1) Unaided--"norma1"
hover with visual flight rules conditions, (2) using Force
Trim, and (3) using the Ministab. Continuous information

from twenty pilot and aircraft monitoring points was re-
corded on an incremental digital recorder for all flights.
Multivariate analyses were performed on both aircraft
status variables and control input workload/activity mea-
sures. Under the conditions tested, the stability augmen-
tation system evaluated did not provide a clearcut improve-
ment in flight performance and workload across all flight
parameters.

78-15 Mathematical models of skin burns induced by simulated
postcrash fires as aids in thermal protective clothing
design and selection, June 1978.

By Francis S. Knox, 1I, Thomas L. Wachtel, and Stanley

C. Knapp.

The design and selection of thermal protective clothing

. takes into account many factors, e.g., appearance, comfort,
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durability, cost, and thermal protective capability. To
aid in determining the appropriate balance among these
factors, thermal protective capability must be measured
in a quantitative and clinically meaningful way. To pro-
vide such a valid assessment of thermal protective capa-
bility, two mathematical models were developed to predict
skin burn damage based on data derived from 95 domestic
white pigs exposed to simulated postcrash fires. The first
model, a multidiscriminate statistical model derived from
experimental data, was used to determine the importance of
many variables, e.g., incident heat flux, exposure time,
initial skin temperature, and color of the skin. The second,
an analytical model, assumes that tissue damage proceeds as
a first order chemical reaction dependent on tissue tempera-
ture, and that total damage is merely the time integral of
tissue damage during heating and cooling. It also takes
into account tissue water boiling and thermal shrinkage
which alter burn depth in more severe burns. The predictted
burn depths from measurements of thermal energy transfer
through or emanating from burning fabrics when combint-d with
burn area, age, and sex yield predicted survivability. P're-
dictions of changes in survivability allow rational judge-
ments to be made regarding the effectiveness of implementing
proposed flight suit clothing fabric and design changes.

Progress toward supplanting the USAARL bloassay method for
thermal fabric evaluation by laboratory methods involving
heat sensors and a mathematical model is encouraging. Im-

plementation will require minor changes in the analytical
model, BRNSIM, to make its output conform more closely to
observed tissue temperatures and will require the addition
of a routine to convert sensor temperatures to heat flux.
Consideration of survivability will require more precise

. clinical data relating burn depth to clinical outcome.

79-1 U.S. Army aviation fatigue-related accidents, 1971-1977,

October 1978.

By Gerald P. Krueger and Yvonna F. Jones.

An accident data survey was made to determine how fre-
quently aviator crew fatigue may have contributed to US
Army aviation accidents from 1971 to 1977. All accident
reports in the US Army Agency for Aviation Safety (USAAAVS)
data base were reviewed. Aviator fatigue was deemed to be
a contributing factor in 42 rotary wing accidents which
resulted in a total of 51 fatalities and 63 personnel in-

juries. Fatigue contributed to 10 fixed wing accidents,
resulting in 3 fatalities and 5 injuries. This paper cate-
gorizes these fatigue related accidents by aircraft and
mission type and by time of day and day of week of the

92



Repprt Number

accident. It also tabulates pilot activities prior to the

accidents which promote the likelihood of pilot fatigue
contributions. The personnel and equipment costs of these
accidents to the total US Army aviation accident picture

Z& is assessed.

79-2 Blast overpressures produced by prototype XM198, 155MM

towed howitzer, December 1978.

By James H. Patterson, Jr., and Ben T. Mozo.

In order to further clarify the nature of the blast over-

pressure problem associated with firing the M203 zone 8
propelling charge in the M198, 155MM howitzer, measure-
ments were obtained around a prototype cannon during test
firing at Yuma Proving Ground, Arizona, in April 1977.
Results of these measurements indicate that the blast over-
pressures for the zone 8 charge exceed the highest limit
allowed by Mil-Std-1474A (MI) at normal crew positions
for quadrant elevations of 45, 267, and 800 mils. It is
recommended that restrictions be placed on the exposure of
personnel to these blast waves until further research is
accomplished to elucidate the nature and extent of hazard
involvement.

79-3 High-frequency hearing loss incurred by exposure to low-
frequency noise, January 1979.

By Charles K. Burdick, James H. Patterson, Jr., Ben T.

Mozo, and Robert T. Camp, Jr..

Damage-risk criteria for exposure to continuous noise are
expressed in terms of A-weighted levels rather than un-
weighted, absolute sound pressure levels. A-weighting de-
emphasizes or reduces the levels of low-frequency noise.
Damage-risk criteria using A-weighted levels assume that
high-intensity, low-frequency noise is not as hazardous
to hearing as high-intensity, high frequency noise. Groups
of chinchillas and humans were exposed to octave bands of
noise to test this assumption. Chinchillas exposed to low-

frequency noise incurred permanent high-frequency hearing
losses and humans exposed to low-frequency noise for a
short duration incurred temporary high-frequency threshold
shifts. The experiments indicate that high-intensity, low-
frequency noise may be a hazard to hearing that was pre-
viously unrecognized and raise questions concerning the

adequacy of current damage-risk criteria to deal effect-

ively with low frequency noise.

79-4 A fire simulator/shutter system for testing protective

%! fabrics and calibrating thermal sensors, March 1979.
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By F. S. Knox, 111, P.W. Sauiermilch, T.L. Wachtel, G.R.
McCahan, Jr., W.P. Trevethan, C.B. Lur, R..J. Brown, and

C. L.A. Alford.

The design, construction, calibration, and use of a JP-4
fueled, shuttered furnace is described. Based on a NASA
design, this furnace simulates the radiative and convec-

tive thermal environment of a postcrash fire in rotary-
wing aircraft. Heat fluxes ranged from 0.5 to 3.6 ± 32

calories per square centimeter per second with steady-
state furnace wall temperatures from 5190 C (967' F) to
1353o C (24500 F) and a radiative/total flux ratio of ap-
proximately 0.9. A pneumatically propelled, water cooled
shutter, mounted in a rolling animal carrier, controlled
the exposure of pigs and thermal sensors to the fire. An
electronic data acquisition and control system is also de-

scribed. This system automatically controlled the opening
" and closing of the shutter and provided strip chart and

FM magnetic tape records of exposure time, furnace wall
temperature, heat flux, and sensor output. Sources of
error including nonuniformity of flame front and shutter
dynamics are discussed. Methods of animal handling, burn
grading, and photographic documentation are introduced
along with a brief description of some nine experimental
protocols carried out using this fire simulator shutter
system.

79-5 How to measure the burn-preventive capability of non-flam-
mable textiles: A comparison of the USAARL porcine bio-
assay technique with mathematical models, March 1979.

By Francis S, Knox, 1Il, Thomas L. Wachtel, and Stanley
C. Knapp.

Nonflammable fabrics are used extensively as an insulating
thermal barrier to protect the wearer from in jury from an
extrensic thermal source. The IS Army Aeromedical Research
Laboratory (USAARL) porcine cutaneous bioassay technique
has been used to determine the burn prevention capabili-
ties of nonflammable fabrics. The results of this, tech-
niq'ie correlate well with clinical observations, but are
logisticallv tifficult and expensive to conduct. The
ideal method for testing fabric samples would he to use a
physical thermal sensor to measure the heat flux trans-

mitted through or emanating from a fabric and convert this
measured heat flux to a predicted burn depth. This paper
presents the data from over 1500 burn sites on 95 domestic
white pigs in which the bioassav method was used in con-
junction with calnrimeter- exposed to tile same fir. I'wo
mathematical models, one analytic and the other Ompiri ical

are described. The results of t heseT model s are compared

(IL

b * ....

. . .. . . . . . . . .._. . .. .. . - - • . .



Repot Number

with the results of the bioassay technique in the evalua-
tion of four nonflammable fabrics. The comparison shows
that the models are efficient tools for routine evalua-
tion of nonflammable fabrics. The models provide a basis
from which to develop better test methods for children's
sleepwear, nursing home textiles, and other thermally pro-
tective fabrics.

79-6 Threshold shifts in chinchillas exposed to octave bands
of noise centered at 63 and 1000 Hz for three days, March
1977.

By Charles K. Burdick, James H. Patterson, Ben T. Mozo,
and Robert T. Camp, Jr..

Audiograms were obtained on eight binaural chinchillas
trained on a shuttlebox avoidance procedure. Four of the
animals were exposed to three successive levels of an
octave band of noise centered at 63 Hz: 100 dB SPL (74
dBA), 110 dB SPL (84 dBA), and 120 dB SPL (94 dBA). The
other four animals were also exposed to three successive

levels of an octave band of noise centered at 1000 Hz: 75
dB SPL (75 dBA), 85 dB SPL (85 dBA), and 95 dB SPL (95
dBA). All exposure durations were 72 h. Little threshold
shift (TS) resulted from the lower two exposure levels in
the 63-Hz noise band. At the 120 dB SPL (94 dBA) exposure

levels, maximum TS of 43 dB occurred at 2000 Hz. Perma-
nent threshold shifts (PTSs) of 16 dB at 2000 Hz and 11 dB
at 1400 Hz were found. For the 1000-Hz exposures, TSs of
20. 45, and 61 dB were found at the successive exposure

levels at 1400 Hz. The 95 dB SPL (95 dBA) exposure level
resulted in PTSs of 6 dB at 1400 Hz and 9 dB at 2000 Hz.
The major results were: (1) A high-frequency hearing

loss to a low-frequency noise. (2) Noise bands matched
within I dBA were not equally hazardous as dictated by

damage-risk criteria. The 63-Hz noise band produced
nearly twice the PTS of the 1000-Hz noise band.

79-7 Normai blood chemistry values for laboratory animals ana-
lyzed by the sequential multiple channel analyzer computer

2 (SMAC-20), February 1979.

By Rum;sell I. Johnson, Terry Gee, and Frank Pettyjohn.

Sequential Multiple Channel Analyzer Computers are rapidly
beroming common diagnostic tools of both physicians and
veterinarians in medical and research facilities. This
increased use requires a reappraisal of normal serum values
presently established for standard diagnostic tests. This
report establishes normal serum values for laboratory ani-
mal,; to include d(ogs, mice, miniature swine, and horses.

(95



Report Number

In addition, ccmparisons are made between age, sex, and
.p age and sex in the dog to show probable discrepancies in

the use of standard normal values.

79-8 In-Flight performance evaluation of experimental informa-

.' tion displays, May 1979.

By Michael A. Lees, Michael G. Sanders, Raymond T. Burden,

Jr., and Kent A. Kimball.

The objective of this investigation was to evaluate a
method of displaying information which per||its rapid trans-
mission of flight data to the operator under three viewing
conditions: (1) day flights with the unaided eye, (2)
night flights with the unaided eye, and (3) night flights
using the AN/PVS-5 night vision goggles (40* field of view
focused at infinity). Information obtained from the anal-
yses of aviator performance data demonstrated the poten-
tial of presenting flight information to the aircrew via
prototype displays for all viewing modes.

79-9 Head aiming/tracking accuracy in a helicopter environment,

May 1979.

By Robert W. Verona, John C. Johnson, and Heber Jones.

This experiment was conducted to measure man's head aiming/
tracking capability using a helmet mounted sighting device.
The influences of target speed helmet suspension types, and
helmet weighting parameters on head aiming/tracking were
investigated. If the aiming/tracking accuracy was sensi-
tive to manipulation of these man-machine interface para-
meters, then it would seem to indicate that improved aim-
ing/tracking accuracy could be obtained by improving the
interface.

The factors analyzed were eye dominance, helmet weighting,
target speed, and helmet suspension. The eye dominance,

helmet weighting, and target speed factors were statistic-
ally significant; however, the only factor of practical
significance was target speed. A subject aiming at a
static target with his head had an RMS error of about 3
milliradians. When the target began to move 4*/second, the
error increased to about 10.5 milliradians. When the sub-
ject began to vibrate too, the error increased to 13 milli-
radians. When the target speed doubled, the vibrating
error increased to 16.8 milliradians.

79-10 Real-ear sound attenuation measurements of selected sound
protectors identified in the DAF qualified products list,
June 1979.

q6
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By Jerod Goldstein, James H. Patterson, Jr., Robert T.

Camp, Jr., William R. Nelson, Claude E. Hargett, and
Barbara Murphy.

Nine hearing protectors available under the qualified pro-
ducts list were evaluated for their attenuation properties.
Only one earmuff, the Mine Safety Mark It Noisefoe met the
MIL-P-38268B standard of 17 June 1971. None of the Type I

earmuffs met the standard in the three wearing positions.
The protection provided by the Type II muffs was insuffi-
cient in the three wearing positions. The AES ranged from
28.5 at the low end to 73.9 at the high end indicating a
varied range of protection provided by the Type II ear-
muff. Recommendations are provided concerning the use of
these hearing protective devices.

- 79-11 A human performance/workload evaluation of the AN/PVS-5
bifocal night vision goggle, July 1979.

By L. W. Stone, M.G. Sanders, D.D. Click, R.W. Wiley, and
K.A. Kimball.

Eight experienced US Army aviators performed various man-
euvers in an instrumented helicopter to test the relative
usability of two bifocally configured night vision goggles.
Both configurations were statistically better than the
unmodified arrangement when looking at a pilot's ability
to hold a precise altitude at night. The subjective data,
supported by flight performance observed between the two
bifocals, further suggested that a 24% bifocal version was
more desireable than a 14% configuration. The inference

is that the reduced inside field-of-view presented by the
14% bifocal interferes with a pilot's ability to rapidly
locate instruments once he has directed his attention in-
side the cockpit.

79-12 The measurement of man-helicopter performance as a func-
tion of extended flight requirements and aviator fatigue,
July 1979.

By Michael A. Lees, Lewis W. Stone, Heber D. Jones, Kent
A. Kimball, and David B. .derson.

Field commanders have long been concerned about the impact
of fatigue on aviator effectiveness, especially where
aviators are called upon to fly numerous successive stress-
related misions (e.g., combat and/or rescue work). At

*present there is little specific information upon which
the commander can base his crew rest decisions. The US
Army Aeromedical Research Laboratory (USAARL) sought to

answer this need by observing pilots in an actual flight
situation. In this study six pilots flew a helicopter for
11 1/2 hours per day for 5 days with 3.5 hours of sleep

497



.I*.- '. . .--. .- .' ' .- . .. '' .A L _. ; "-'; ! '" i--...' •. i < 
-

.... -

:.

R epor t_ -N um becr

per day. i)ata collection included biochemical, visual,
psychological and in-flight measurements. This report
includes a critical literature review and descrilbes the
methodology of the study. It is intended to serve as a
detailed background for the analYses to follow.

79-13 Medical evaluation of sound attenuation and elet t roacoti-
sties characteristics of a NATO (COSMOCORD) peak l imiting
ear protector, July 1979.

By James I. Patterson, lr. , William R. Nelson, Ronnv I.
Marrow, Claude E. Hargett, Jr., and Robert Tf. Camp, Jr..

A medical evaluation of a Cosmocord peak limiting ear pro-
tector was undertaken to determine its suitability for use
as a hearing protective device around artillery systems.
iThe real-ear sound attenuation of the Cosmocord used alone

and in combination with the E-A-R earplugs was determined.
iThe combination was found to provide exceptionally good

attenuation. Distortion measurements and speech intelli-
gibility were made using the "talk-through" circuit which
is integral to this device. The distortion of the circuit
was found to be excessive and the speech intelligibility
was somewhat degraded. The "talk-through" circuit of this
device is not considered to be "state-of-the-art".

79-14 A direct measure of CRT image quality, September 1979.

By Robert W. Verona, Harry L. Task, Victor C. Arnold, and
James H. Brindle.

This paper describes a direct measuring technique for de-
termining the image quality of raster-scanned cathode-ray
tube (CRT) displays. This technique is based on the Modu-
lation Transfer Function (MTF) theory and human visual
psychophysical data. The rationale for the technique is
discussed from a theoretical as well as functional view-
point. The instrumentation necessary to obtain these mea-
sures in manual and automatic modes is discussed. Data
obtained using this measurement technique are analyzed and
compared with the theoretical performance of the displays.
The image quality of new CRT displays procured for the US
Army's Advanced Attack Helicopter is being specified and
tested using this dirert measuring technique.

80-1 Aeromedical aspects of CH-47C helicopter self-deployment
(Operation Northern Leap), Mirch 1980.

By Lawrence R. Whitehurst and Aaron W. Schopper.

In August 1979, the US Army accomplished its first trans-
atlantic helicopter flight. Four CH-47C helicopters de-
parted Fort Carson, Colorado, and landed in Heidelberg,
Germany, with intermediate stops in Iowa, Pennsylvania,
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Maine, Canada, Greenland, Iceland. and England. A flight
surgeon accompanied the mission to provide medical support
and assess aircrew workload, stress and fatigue. Drect
observation, interviews and questionnaires were used to

-~ gather data.

Respiratory infections were experienced by approximately
50% of the mission crew during the 14 day journey. These
were attributed to wide climate variations and inadequate
crew rest during the first half of the mission. Daily
pre-flight questionnaires showed highest levels of stress
occurred at the start of the mission and decreased to a
constant level once the mission was underway. Daily post-
f light data demonstrated that cockpit workload increased
appreciably with deterioration of weather during the lat-
ter part of the mission. Time at the flight controls and
mission conditions during flight were found to be the
greatest contributors to pilot fatigue; whereas, crew
chiefs reported frequent time zone changes and poor faci-
lities at stopover points to be their greatest causes of
fatigue.

The results demonstrated the feasibility of self-deploy-
ment and the need f or medical support of such missions.

80-2 Conferencing and teleconferencing in three communication
modes as a function of the number of conferees (Reprint),

July 1980.

By Gerald P. Krueger and Alphonse Chapanis.

Nine groups of 2, 3, and 4 students each, 27 groups in all,
discussed topics face-to-face or in one of two telecon-
ference modes: teletype and televoice. Each group used
only one of the three communication modes to solve a dif-
ferent problem on each of 3 successive days. Each problem
encoura~ged opinionated discussion and required the group
to arrive at a consensus about certain topical issues.
Group size had no effect on time to solution or on the
solutions themselves, but an increase in group size re-
sulted in an increase in almost every group measure of
communication. The larger groups used more messages, more
words, communicated faster, and exhibited greater relative

variability among the numbers of messages generated by the
individuals within groups than did the smaller groups.
Equivalent solutions were also reached in all communica-
tion modes, but subjects in face-to-face conferences used
more messages and words than did subjects in either of the
telecommunication modes. Communication rates were much
higher and solutions were reached much faster in the two
conference modes that had a voice channel, i.e., face-to-
f ace and televoice. than in the teletype mode. Few prac-
tice effects were found
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80- Preliminarv evaluation of the blast overpressure field
around the M198, 155M howitzer firing the M203E! pro-
pelin charge, October 1979.

B" James 11. Patterson, Ben T. Mozo, and Ronnv t. Marrow.

This report contains blast overpressure data from the M198
1551)1 howitzer firing the M203EI charge. lhe blast data
were analyzed for peak pressure and B-duration for corn-
parison with Mil-Std-1474A(Ml). From thtse resuilts con-
tour maps showing the regions bounded by the X, Y", and Z
limit of the Mil Standard were derived.

80-4 Contaminants found in the JlUl-ill and .I1-21(; aircraft bleed
air, December 1979.

v Garv 1). Pollard, Jonathon P. Stroud, Robert L. Barr,
liland Melissa R. Sanocki.

Traces of hydrocarbon contaminants were found in heater
air of bleed air systems on several Army aircratt. The
contaminants were detected by infrared spectroscopy and
mass spectrometrv. Problems of detection and quantitation
art discussed.

80-5 Common problems in the medical care of pilots (Reprint),

March 198).
By Lawrence R. Whitehurst.

Family physicians need to have an increased awareness of

the medical needs of pilots. A close, trusting relation-
ship is essential. Special consideration must be given
when prescribing medications. Hypoxia is a special pro-
blem for pilots with cardiovascular and/or respiratory
diseases. Several medical problems may occur because of
rapid changes in barometric pressure, including barotitis
media, which is best treated in flight. Minor ailments,
use of alcohol and smoking may become serious problems for
aviator; therefore patient education is important.

80-6 Attenuation variation obtained with training when ut ili z-
ing an In-t lie-ear hearing protect iv dhOc i, March 1980.

B% .lerod IL, Goldstein and Barbara Muh rphv.

This stujdy attempt ed to d(,t-rmime the import.lince of train-
i ng in tie iuie of a spec if ic hca ring protect ivt, dv ic,,
the E.A.R. earplug, which is considered a universal fit
hear ing protectiv,, dev Ice The results of the study indi-
catt-d that training in the lit of the E.A.R. earplug is

import ant and must ht, continually emphalsiz,.d to provide
ma:.:imai ittnlrtion with tit F..A.R. a, i

7 SPHi-4 hl mCt dlmage and head injury correlation, September
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By Bruce A. Slobodnik.

Human tolerance to head impact was assessed by correlatin-

the force levels required to duplicate damage seen in 12
SPH-4 aviator helmets retrieved from US Army helicopter
crashes with resulting head injury. Head injury occurred
at peak acceleration levels far below 400 C, whicl is the
value currently used by the US Armv as tile pass-fail cri-
tenion in evaluating the impact attenuation performance of
prospective aircrew helmets. Concussive head injurieLs
occurred below Severity Index values of 1500 and below
Head Injury Criterian values of 1000. These are consider-
ed concussive threshold values by the National Operating
Committee on Standards for Athletic Equipment and by the
Department of Transportation, respectively.

80-8 Evaluation of Army aviator human factors (fatigue) in a
high threat environment, September 1980.

By Chester E. Duncan, Michael G. Sanders, and Kent A.
Kimball.

Questionnaire data received from student and instructor
pilots located at Fort Rucker, Alabama, indicate signifi-
cant levels of fatigue when flying in different flight
altitudes and profiles; the lower the altitude flown, the
more rapidly pilots experience fatigue. Thest data suggest
night standard flight is 1.4 times as fatiguing as day
standard flight; day terrain flight is 1.3 times as fa-

tiguing as day standard flight; and night terrain flight,
the most difficult flight profile examined, is 1.97 times
'as fatiguing as day standard flight. Army Regulation 95-I,
1 January 1980, sets a maximum of 140 hours per month per
aviator of day flight in a combat environment. Existing
doctrine emphasize.s nap-of-the-earth techniques, and if so
accomplished for 140 hours could possibly result in an un-
safe and severelv fatigued helicopter pilot. Field com-
manders utilizing the guidelines presented in this report
may organize and more effectively continue their mission
in Army aviation.

81-1 Aeromedical factors in aviator fatigue, crew work/rest
schedules and extended flight operations: An annotated

bibliography, January 1981.

By Gerald P. Krueger and James N. Fagg.

The influence of aviator fatigue on sustained figlit opera-
tions is an important aerornedical topic. Available re-
search da ta on the topic ark. either in short supplv or ar

scattered throughoit diverse printed sources and art' diffi-
Cult to tap when (luestions ot their application to operl-
tional decisions are posed. This annotated bibliograplv
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lists 224 references containing research data, conceptual

position papers and different methodological approaches
to studying aviator fatigue, aviation crew work-rest sched-
ules and extended flight operations. The bibliography
contains an index which categorizes the references into
such categories as: (1) circadian rhythms and jet lag;
(2) psychological measurement of performance; (3) heli-
copter, transport, and civilian flight operations; (4)
crew work-rest schedules; and (5) biochemical and physio-
logical indices of fatigue. The basic period of coverage
is 1940-1980.

81-2 When the grand tour's a grind (Reprint), September 1981.

By Stanley C. Knapp.

Americans are traveling more and, in the view of many ob-
servers, enjoying it less. Modern jet travel, along with
the necessity or desire to see as many tourist sights or
conduct as many business meetings as possible in a single
day, serve to create a well-defined but often overlooked
symptom complex called travel stress. Travel stress is
the complex interaction of a number of environmental,
physiological, and psychological stressors. Disruptions
in the traveler's circadian rhythm, changes in dietary
habits, noise, vibration, pattern changes in the use of
stimulants and alcohol, and the pressure of trying to get

the most for one's travel dollar impact the health and
efficiency of the traveller. This paper outlines proven
and practical pre-travel prevention techniques and en

route therapy.

81-3 Vibration in a helmet mounted sight (HMS) using mechanical
linkage (with appendixes), March 1981.

By John C. Johnson, David B. Priser, and Robert W. Verona.

The purpose of this experiment was to determine the extent
to which aircraft vibration was coupled to a crewman's
flight helmet by the mechanical linkage of a helmet mounted
sight (Fire Control Subsystem, Helmet Directed, XM-128).
Two variations of the SPH-4 flight helmet were tested: 1.
SPH-4 with standard web suspension, 2. SPH-4 with a form-
fit foam liner suspension. The system was tested in the
front seat of an AH-IS "Cobra" helicopter. Five (5) flight
conditions were used in the experiment: 1. hover, 2. 40kn,
3. 80kn. 4. 12Ukn, 5. standard left turn. Two conditions
of the helmet mounted control linkage were tested: 1. con-
nected, 2. disconnected. A triaxial accelerometer was
mounted on top of tile flight helmet to measure vibration.
The data were analyzed using a fast Fourier transform anal-
yzer and a desk-top computer. The following observations
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81-4 Helicopter crashworthv fltel sstms :nd thir ,I ietn,"-.
in preventin, thermal in jry (Npr nt). lilv lYMl

Bv Stanley C. Knapp, Pierre AlI emnond, ,and lyavid i. KirieY.

In 1968, tile United States ArmiyV committed itsl lI to a g'oni

of eliminating postcrash fires in survivable helicopter
accidents. New helicopters manuitacttred after 197(0 were
equipped with a crashwort hv fuel systtem, and an extensive
retrofit program of older aircraft was begun. This paper
reviews all Army helicopter accidents during the period

% 1968-1976 and classifies them by survivability and whether
or not the aircraft was equipped with a crashworth\v fuel

system. Accident associated fatalities and initiries were
reclassified as to the primary injury involved and its

relationship to the existence of any postcrash fire. The
direct costs involved in the care of thermal fatalities
and thermal in iuries were calculated using the most con-
servative estimates. It is shown that the helicopter
crashworthyv fuel system essent ially eliminated postcrash
fatalities and injuries in accidents involving helicopters
equipped with the new system.

81-5 Vibration levels in Army helicopters--measurement recom-
mendations and data, September 1981.

By John C. Johnson and David B. Priser.

We reviewed literature on vibration levels found in cur-
rently fielded helicopters in order to prepare a compara-

tive suLmmary of vibration exposure levels at crew stations
and of the test methods used to measure these levels. This
effort was initiated at the request of the Air Standard-
. ,at ion to rd i nat ini, (oltli t t,,v (A','( ) Working Partv 61 and
because of tle wide variety of methods used in data Cap-
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turt and instrumentaition documentation.

Sources of the literature reviewed included technical re-
ports of U.S. Government agencies and papers in open lit-
erature. Articles were reviewed based upon three criteria:
(1) quantitative description of vibration in currently
fielded U.S. Army rotary winged aircraft, (2) article con-
tents are unclassified and available for publication inS open literature, (3) article describes human exposure
levels of aircraft vibration.

The results of this review are in the form of abstracts of
ten articles that met the criteria. Graphic data excerpted
from these papers were combined to form 8 graphs from
which to make comparisons and conclusions.

In addition to providing summary abstracts and data, we
have written a critique of vibration test methods. We
have suggested some guidelines for measuring vibration
and for presenting the resulting data, placing emphasis
on documentation of test methods and instrumentation.

81-6 Computer model for the evaluation of symbology contrast
in the integrated helmet and display sighting system,
September 1981.

By Clarence E. Rash, Daniel R. Monroe, and Robert W.
Verona.

A comp,,ter model which simulates the optical transmittance
and reflectance properties of the Integrated Helmet and
Display Sighting System (IHADSS) is presented. Using a
limited data base consisting of the spectral transmittance
and reflectance curves of the various IHADSS's compon-
ents, standard Figures-of-Merit are calculated and pre-
sented as a measure of the daylight visibility of the
IHADSS symbology. The model also provides the software
for continuous updating of the date base.

81-7 Operator's manual for variable weight, variable C.G. hel-
met simulator, (Reprint), September 1981.

By Craig M. Svoboda and James C. Warrick.

A variable weight, variable CG helmet simulator has been
designed to measure the effect of US Army headgear on
muscle loading and fatigue. The helmet simulator consists
of twe weight concealment boxes attached to opposite sides
of a supporting heau which in turn is mounted on the wear-
er's head by a suspension system taken from an SPH-4 hel-
met. The weight and CG can be altered by positioning
variable weights within the concealment boxes.
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82-1 Direct and neighboring sensitivity changes produced by red

and blue-white adapting fields, February 1982.

Bv Franklin F. Holly and Virgil R. Rogers.

Observers viewed Army instrument panel lighting red and

Air Force instrument panel lighting blue-white adaptation
fields and their thresholds were determined both within

the adaptation field and outside of it. In some cases,
thresholds were determined while the adaptation field was
still on and in other cases they were determined after the

adaptation field had been off for 10 seconds. Also, some
trials were performed under an ambient illumination which
simulated that produced by a full moon on a clear night.
It was found that under ambient conditions of total dark-

ness thresholds were lower with the red adaptation field
than with the blue-white. With the full moon ambient il-

lumination the results were more varied. When the trials
were performed after the adaptation field had been turned

off, there were generally no differences between the
thresholds produced by the red adaptation field and those
produced by the blue-white adaptation field. On the other
hand, when trials were performed with the adaptation field
still on, there was an interaction such that thresholds

were lower with the blue-white field at the smallest ad-

aptation field intensities but were lower with the red
field at the greatest adaptation field intensities. The
results were discussed in terms of their significance for
aircraft lighting and the possible roles played by stray

light and other underlying processes.

82-2 Analysis of U.S. Army aviation mishap injury patterns

(Reprint), April 1982.

By James E. Hicks, Billy H. Adams, and Dennis F.
Shanahan.

Recent advances in US Army procedures for the identifica-
tion and reporting of personnel injuries resulting from
aircraft mishaps are reviewed. Mishap injury data re-
quirements based on the needs of retrospective and pro-
spective analyses are discussed. The requirement for these
analyses to support engineering management decisions that
will implement remedial programs to correct identified

crashworthiness deficiencies is discussed. This paper
summarizes the US Army process for gathering aviation mis-
hap injury data, describes modifications to procedures and

codes for recording injury data, and provides examples
of use of the data resulting in fleet-wide improvement
programs.
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.-82- .Studies ot aural nonlinearitv and tie mechan i is of audit-
orv fatigle Part 1I: EpidemioIozic methods in nomse-in-
duced hea ring loss (Reprin), April NO.,2

L [lBy John Lrdreicl and I inda Erdreichl.

This report is a tutoriil on epidemiological mt thods with
spucit i c retferences to pott ntial application to studying
iio is,-inducted hearing loss.

• ,(: 2- Comparative evaluation of SPII-4 helmets from DILA 100-80-
(.-2226 and DILA 100-78C-10I41, April 1982.

By los ,ph I.. Haley, Willi am E. McL.ean, and Ben T. Mozo.

At the reqquest of Fort Rucker's Directorate of Industrial
Op.rations, .P1l-4 helmets from the Defense Logistics

0\en,'v (1IA) Contract l()()-8(1-C-2226 (Aqua-Aire) and I)l.A
- )()-78C-I04I (Ast rocom) were evaluated in ac cordance with
appI ic.hl' mi litarv specit iat ions and drawings. The hel-
mets tested met tile noise .ttenuation specifications,
except at 79 Iz for the \Qi:-Aire helmet and at J kliz for
the As trocom lie lmet. l'ho Aqua-Air helme t visors Igailed
to meet the specific;itions for optical distortion, abra-
sion resistan,'e, and end item examination. One of the
two Aqua-Aire helmets and the two Astrocom lelmets whijl
were impact tested failed to meet the impact specification.
The Aqua-Aire helmets failed to meet the specifications
for chin strap retention strength, shell dimensional mea-
-uirements, shell construction, microphone swivel attach-
mont s, and visual examination of completed assembly.

82-5 Oscillations in the visual response to pulsed stimuli,

lne 1982.

By Franklin F. Hollv.

Dunlap (1915) reported a phenomenon in which a single plho-
ti c pulse, presente'd in the peripherv ulnder mesopic condi-
tions, is perceived as two seqlenti al fl.shes. The pre-
sent work inlicate that this douhle-flash effect is but. a
spvcial case of a vlass ol alito-oscillatorv phenomena
occurring at a frequencv in the neighborhood of 10 Hz.
Flicker s tudies by several investi gators (e.g., g de lange,
1458) have indicated a resonance (temporal t'F peak) At
approximately 10 Hiz. It i- helieved that the freqllence
of1 tiIe osvill ltorv phnomell..i described here rts.lilts' frorl
the n.iturail freqilenv of tIle n .twork respons ible lot- thi
peak. It js aIlso h l i..,, dI2 that tle,,., 'lenofll i. are ,-' [at .L
to the os I latorv plt,,t ials whi h il.v, heen r'orddI fort
ret ina And t'ort '\ .
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The impetus for this work was provided by the need to ex-

plicate certain oscillatory phenomena which had been noted

in the course of evaluating proposed lighting systems on

new Army helicopters.

82-6 Pursuit rotor tracking performance in conjunction with
extended flight operations in a helicopter simulator,
August 1982.

By Lewis W. Stone, Gerald P. Krueger, and William R. Holt.

Six US Army Initial Entry Rotary Wing School graduates
participated as subjects in a week-long study to examine
the effects of extended simulated helicopter operations
on pursuit tracking skills. Using a photoelectric rotary
pursuit device, three fixed patterns (a square, a circle,
and a triangle) were presented to each subject three times
daily for 5 days. An analysis of the results revealed a
significant difference in subject performance between pat-
terns. It also revealed a statistically significant dif-
ference in performance over days on one of tile patterns--
tile triangle. The thread woven through these results
seemed to be one of relative complexity. It suggested
that the effects of sustained operations interfered with
the aviator's ability to fully integrate his mental and
psychometer skills in order to meet the requirements of a
more complex task.

82-7 Preliminary study on scanning techniques used by US Coast
Guard lookouts during search and rescue missions, August
1982.

By N. Joan Blackwell, Ronald R. Simmons, and Jimmie R.
Watson.

This research was a cooperative study undertaken by the
US Coast Guard Research and Development Center (USCC R&D)
and the US Army Aeromedical Research Laboratory (USAARI.).
Eye performance data were collected from Coast Guard per-
sonnel performing as lookouts during simulated search and
rescue missions on HH-3F helicopters, a 210-foot cutter,
and an 82-foot cutter. Visual performance was measured by
means of NAC Eve Mark Recorder Systems during the Winter
1981 Visual Detection Experiment conducted by the USCG R&I)
(enter in the Gulf of Mexico off of Panama City, Florida,

during January and February 1981. The visual performance
measures were analyzed to determine the scanning patterns
itilized bv the various lookouts. Based upon this initial
study, it at)ppers that most personnel spend about one hall
of ,4earclh time on onlv one segment of their total assigned
viewing area. For example, pilots and copilots spend most
ot their time look ing ott their respective tront windows.

1)7
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For the surface vessels, the subjects seemed to displav
the condition termed "eve l ock"--that is, a lookout would
position his eves and keep them stationarv, allowing the
movement of the search vessel to dictate his scan path.
The scanner patterns prescribed in the US Coast (hard
training manuals were used infrequently; rather the ob-
servers followed the outline of structures within their

fields of view.

82-8 Comparison of helicopter copilot workload while using
three navigation systems during nap-of-the-earth flight,
August 1982.

By David 0. Cote, Gerald P. Krueger, and Ronald R. Simmons.

Three different generic navigation systems were examined
for their effects on helicopter copilot/navigator workload

and performance during nap-of-the-earth (NOE) flight. The
navigation systems examined were: (1) thc conventional
1:50,000 scale topographic hand-held map, (2) a Doppler
navigation system in conjunction with a hand-held map,
and (3) a projected map system driven by Doppler signals
in conjunction with a hand-held map. Eighteen pilots per-
formed copilot/navigator duties in an Army JUH-11t utility
helicopter flown by a laboratory research pilot. Data
collected included measures of navigation performance,
pilot-copilot communications, and copilot/navigator eye

movements.

The results indicate that automatice navigation systems
like the ones used here improve navigation performance by
enabling the aircrew to reach their destination with re-
duced in-flight delays, at a faster airspeed, and with

fewer and smaller navigation errors. The number of verbal
exchanges between the copilot and pilot was reduced when
using the Doppler system versus the hand-held map alone.
Subjects who used The Doppler also spent less time navi-
gating. When using a projected map system, copilot/navi-
gators experienced a lower level of visual workload and
spent 10% more time looking outside the cockpit. With all
navigation systems, more than 80% of the copilot's time was
spent navigating, over 20'% of the aircrew's time was spent
in navigation communications, and less than 10% of their
time was visual "free time" that could be used to attend

to other tasks.

82-9 Performance impact of current United States and United

Kingdom aircrew chemical defense ensembles, September 1982.

By Bruce F. Hamilton, Dennis Folds, and Ronald R. Simmons.

i tOt
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Six male volunteers f rom the graduate eot ry l evel flIight
program at the US Army Aviation Center (U'SA AVYC) , Fort
Rucker, Alabama, served as- subjects in an invLstiga1tion1 of
the ability of helicopter pilots to fly while wearing,
chemical defense (CD) ensembles in hot weat her. Each sub-
ject flew on three separate days, wearing a different en-
semble each day. The ensembles tested were the United
States Army Aircrew chemical defense ensemble, the United
Kingdom aircrew chemical defense ensemble, and the United
States Army standard flight suit tiniform . WIi eI subjects
made statistically larger heading errors while wearing tile
US chemical defense ensemble, no operatitonally signigicant
differences in performance were seen. It was also con-
eluded that a pilot's performance was not an indicator of
heat stress.

S.'82-10 Cathode-ray-tube raster line selector with horizontal
modulation capability, September 1982.

By John H. Hapgood and Clarence E. Rash.

A simple and inexpensive circuit which provides a method
of selecting the number and position of active raster
lines visible- on a CRT display is presented. Requiring in-
puits of vertical drive and horizontal and vertical sync
signals, the circuit produces an output which can be fed
directly into the video input of the display.

83-1 Modified faceplate for AN/PVS-5 night vision goggles. Oct-
ober 1982.

By William E. McLean.

Lack of peripheral vision while flying with the AN/PVS-5
night vision goggles (NV(;) was a contributing factor in an
aircraft accident. Because of this accident, a modified
faceplate (MFP) for NVG was configured to allow pilots
unaided lateral and lower vision. Twenty MPF NVC, were
worn during flight by 47 NVC qualified aviators for an
average of 18 hours per aviator. The average recorded
flight hours for e~ach of the 20 MFP NVG was 43.5 hours.

NVC aviators indicated that the MFP significantly enhanced
intruder aircraft detection, inside-the-cockpit vision,
and comfort. Spectacles can be worn with the MFP , and
less fogging of the eyepieces occur. There were deficien-
cies reported during the study which were corrected with
modifications to the mounting apparatus, thorough pre-
flight briefings, and required familiarization flights.

The proposed modification is being considered for adoption
by the proper authorities.
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83-2 Threshold shifts and cochlear injury in chinchillas exposed
to octave bands of noise centered at 63 and 1000 Hertz for
nine days, October 1982.

By Charles K. Burdick, James H. Patterson, Ben 'I. Mozo,
C. E. Hargett, Jr., Roger P. Hamernik, and Donald
Henderson.

The use of A-weighted souhd pressurL, leVeIs in hearing
conservation criteria is based on scant lata from low fre-
quency exposures. This study contribute-, additional data
from exposure to low frequency noise and attempts to re-
late it to damage risk criteria. Audiograms were obtained
on 16 binaural chinchillas using a shuttle box avoidance
procedure. The chinchillas were then exposed in groups to
one of the following noise conditions for 9 days. Eight
animals were exposed to an octave band noise centered at

1000 Hz: four were exposed at an intensity level of 85
dB SPL (85 dBA) and four at an intensity level of 95 dB
SPL (95 dBA). The 85-dB exposure produced a temporary
threshold shift of 46 dB at 1.4 kHz with no permanent
threshold shift. The 95-dB exposure produced a compound
threshold shift of 60 dB at 1.4 kHz and a peak permanent
threshold shift of 28 dB at 2.0 kHz. The eight remaining
animals were exposed to an octave band noise centered at
63 Hz: four were exposed to an intensity level of 110 dB

SPL (84 dBA) and four at an intensity level of 120 dB SPL
(94 dBA). The ll0-dB exposure produced a compound thresh-
old shift of 23 dB at 2.0 kHz with a peak permanent thresh-
old shift of 7 dB at 2.0 kHz. The 120-dB exposure pro-

duced a compound threshold shift of 45 dB at 2.0 kHz and
a peak permanent threshold shift of 19 dB at 2.0 kHz. The
results of surface preparation histology produced mixed
findings with cases of no permanent threshold shift and
no hair cell loss, hair cell loss and no permanent thresh-
old shift, and permanent threshold shift with hair cell
loss that did not tonotopically correspond to the lesions.
The findings are inconsistent with earlier data but con-

--:7 sistent with A-weighted level providing an adequate pre-
dictor of noise induced hearing loss.

83-3 Hearing loss from low frequency noise (Reprint), October
1982.

By Charles K. Burdick.

The auditory damage risk criteria (DRC) defining exposure

to continuous noise specifies the intensity levels of noise
in terms of A-weighted levels. A series of studies were

* undertaken to investigate the suitability of using A-
weighted intensity levels in formulating the DRC. Groups
of chinchillas were exposed to octave-bands of noise with

110
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center frequencies of 31.5-, 63-, 125-, 250-, and 1000-Hz.
Bands of noise with center frequencies below 500 Hz pro-
duced maximum threshold shifts three to seven octaves

above the center frequency of the noise band. This sharp-
1v contrasts with the finding that bands of noise with
center frequencies of 500 Hz and higher, produce maximum
shifts of one and one-half octaves above the center fre-
quency of the noise band. The general finding was that
low frequency noise produces high-frequency hearing loss.

Physiological impact of wearing aircrew chemical defense
protective ensembles while flying the UH-lH in hot weather,
October 1982.

By Francis S. Knox, III, Gerald A. Nagel, Bruce E.
Hamilton, Raul P. Olazabal, and Kent A. Kimball.

Six recent graduates of initial entry rotary wing training
flew a UH-IH for up to 4 hours while wearing each of three
clothing ensembles. Each aviator wore the standard flight
suit, the US chemical defense (CD) ensemble, and the United
Kingdom CD ensemble in hot weather (mean WBGT 29*C). Skin

temperaturet (chest, thigh, upper arm and calf), rectal
temperature, heart rate, and preflight and postflight body
weights were recorded. Three of six aviators terminated
flight for medical reasons (heart rates , 140 bpm or nau-
sea) while wearing the US ensemble. Well acclimatized
aviators in this study who did not preflight and drai.k
water every hour were abl to fly for at least 2 hours
(one fuel load) before the most susceptible subjects had

to terminate flight due :o heat stress. Heart rate was
the most sensitive indicator of this stress. In this
study, these susceptible subjects tended to be older and
heavier. Although no measures of cardiopulmonary fitness
(e.g. V0 2 max) were made, it may be that these susceptible

subjects were somewhat less fit. The US ensemble was some-
what more stressful than the UK or standard ensembles.

Subjectively all subjects preferred the AR5 respirator to
the M24 mask, were divided on overgarment vs undergarment,
and most disliked the US overboots.

As a caveat it should be stated that fitness alone is not
likely to be sufficient to overcome the heat stress in-
duced by these ensembles as flight times are extended.
Some sort of cooling will probably be needed.

83-5 Analysis of image smear in CRT displays due to scan rate

and phosphor persistence, October 1982.

By Clarence E. Rash and Jacob Becher.

The increase in the use of cathode-ray-tube (CRT) displays

,Ill
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for target detect ion and recognit ion has placed an empha-
sis on the ability of these displays to acctratelv re-

produce amplitude and phase information for dynamic tar-
gets. This analysis investigates the theoretical dynamic
image degradation occurring at the display as a result of
the interact ion between the target /sensor re llt ive velocitv
the CRT system scan rate, and the persistence of the dis-
plav phosphor. Expressions are developed to allow com-
parison of phosphors on the basis of modulation loss due
to target/sensor motion. A model is developed which
equates a1 target having a spatial frequency (S) and moving
with a horizontal speed (V) to a stationary target with a
sinusoidal varying intensity of frequency, ft equal to SV.
The model identifies phosphor persistence as a major con-
tributor to amplitude modulation loss and predicts several

-. image artifacts such as "freezing" and apparent motion
reversal.

* .83-6 Psychological effects of chemical defense ensemble imposed
heat stress on Army aviators, November 1982.

Bv Bruce A. Hamilton, Ronald R. Simmons, and Kent A.

S.J, Kimball.

Psychological testing was conducted with six Army aviators
before and after flights in a UH-11t helicopter while wear-
ing standard flight suits, US or UK aircrew chemical de-
fense ensembles. Additional testing on non-flight days
was conducted to provide a baseline for evaluation. Tests
consisted of encode/decode problems, math problems, logi-
cal reasoning problems, target detection problems, and a
four-choice reaction time test.

Tests were scored for number attempted, percent correct,
reaction time of correct and incorrect responses. Self

reports of mood were also taken and scored. The results
of the studv indicated that various levels of ensemble-
imposed heat stress caused orderly changes in psychologi-
cal function and extended the results of laboratory in-
vestigations to the aviation setting. In addition, re-
action time data showed changes in the pilot's ability to
deal with "error" situations as a function of imposed heat
stress and that self reports of mood were unreliable indi-
cators of severe heat stress.

83 -7 I'svchological measurements during the wear of the L'S air-
crew chemical dcfense ensemble, February 198

-. tB, Bruce E. Ham il ton and 1. il iana Zapata.

The psVchological (its opposed to physiological) efft ets of
wearing a 'S ai rcrew chem ial defense ensemble wefre eval-
tlatLd Ilsing 12 ile and 12 femaile volunteers. H;lIf of the
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Umales and half of the females wore chemical defense en-
sembles while the rest wore standard US flight suits as
controls. All subjects were administered tests of cog-
nition (math, logical reasoning, target detection, and re-
action time) before and after 6 hours of wear in a con-
trolled environment. In addition, subjects rated their

*mood before and after wear. It was concluded that wearing
the ensemble in an undemanding environment degraded affect
(mood and activation levels), slightly decreased accuracy,
and substantially decreased reaction times, especially in
females. The most serious impact of the ensemble would
seem to be a decrease in morale among females.
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SUBJECT INDEX

N Acceleration - 71-12, 71-20, 72-1
Acceleration tolerance - 69-6, 71-11, 73-1
Accelerometers - 68-9, 68-10
Accidents - 71-1, 71-2, 71-17, 71-18, 72-4, 72-5, 72-6, 72-7, 72-13, 72-16,

73-2, 74-2, 74-3, 74-5, 74-12, 75-1, 75-6, 75-15, 75-21, 76-1,
77-19, 79-1, 80-7, 81-4, 82-2

Acoustic properties - 66-6, 67-6, 67-8, 68-6, 70-2, 73-14, 76-9, 77-15,
78-12, 79-13

; * Acoustics

see also
Noise
Psychoacoustics

Acoustics - 63-1
Adaptation, visual - 69-10, 69-14, 82-1
Aerodynamics - 69-6
Aeromedical evacuation

see
Medical evacuation

Air-drop operations - 65-1, 66-4
Air lock containers - 66-4
Air traffic control systems - 72-14
Airborne operations - 66-7
Aircraft engine noise - 63-1, 64-1, 65-3, 65-4, 77-12
Aircraft escape systems - 74-4
Aircraft fires - 79-4, 81-4
Aircraft paint - 68-1, 68-2, 68-11
Aircraft seats

see
Seats, aircraft

Aircraft types

see also
Helicopter types

Aircraft types/CG-47A - 66-1
Aircraft types/CV-2 "Caribou" - 67-3
Aircraft types/Turbo-Beaver U-6A - 65-4
Aircraft visibility - 68-1, 68-2, 71-13, 72-15
Airsickness

see
Motion sickness

Alcohol
see also

Drug effects
Alcohol - 71-20, 72-2, 75-2
Altimeters - 74-9
Altitude - 76-11, 77-6, 78-7
Altitude perception - 76-3
Anesthesia - 73-6

120

..



Anox i d
see
Hypoxia

Anthropometry - 66-5, 69-2
Antishock trousers - 73-11
Atropine - 73-6
Attack helicopter crews - 71-21
Attenuation (sound)

see
Noise
Hearing protection

Audiometry - 63-1
Auditory discrimination - 76-12
Auditory fatigue - 82-3
Autonomic nervous system - 69-8
Autorotations - 74-2, 74-4
Aviation medicine - 71-5, 80-1, 80-5
Aviator selection - 75-7

Biomechanics - 75-5, 77-5
Blast overpressure - 79-2, 80-3
Bleed air systems - 80-4
Blood analysis - 77-20
Blood chemistry - 79-7
Blood plasma - 65-1, 66-4
Blood serum - 69-12
Buettner cueing concept - 76-2
Burns - 71-19, 71-24, 73-9, 73-12, 78-9, 78-10, 78-11, 78-15, 79-5, 81-4

Carbon dioxide - 68-8
Carbon monoxide - 66-1, 66-2, 70-5, 78-7
Carcinogens - 69-15
Cardiovascular system - 73-3
Catheters - 73-3
Cathode ray tubes - 79-14, 82-10, 83-5
Chemical defense clothing - 82-9, 83-4, 83-6
Chemiluminescence - 76-8
Chromatographic analysis - 69-12
Chromosomes

see also
DNA

Chromosomes - 69-4
Circadian rhythms - 71-10, 81-2
Clothing, protective

see also
Chemical defense clothing

Clothing, protective - 71-19, 71-24, 75-14, 78-9, 78-10, 78-11, 78-15,
79-5, 82-9, 83-4, 83-6, 83-7

Cockpits - 66-5, 69-2
Cold - 75-14, 78-4
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Collision avoidanlu 68-1, 608-2
Color vision - 65-?

Combat conditions - 66-3, 72-12
Communications

.. see

Voice communications
Computer programs - 76-26

" Computer modeling - 76-13, vol. 1, 76-13, vol. 11, 81-6
Computers - 79-7
C:ones (vision) 69-11

Conferencing (communications) - 80-2
Conspicuitv

see
Aircraft visibility

Contact lenses, hydrophilic - 74-10
Contour flight

see also
Low level flight
Nap-of-the-earth flight

Contour flight - 78-5
Corneal reflection - 74-7
Correlation coefficients - 67-1
Cost studies - 71-17, 71-18, 72-4, 72-5, 72-13, 72-16, 74-3, 74-5, 75-6,

75-21
Crashes

see
Accidents

CRT
see
Cathode ray tubes

Cyalume - 76-8
Cyanide - 69-17

Damage-risk criteria - 79-3, 83-3
Dark adaptation goggles - 76-7

T. Decision making - 75-1

Deoxyglucose - 69-17
.* Deoxyribonucleic acid

see
DNA

Depth perception - 76-25
Detectors, catalytic - 66-2

"" Disorientation - 68-10, 71-1, 71-2, 72-4, 72-5, 72-6, 72-13, 72-16, 73-2,
73-15, 74-3, 74-5, 74-12, 75-6, 75-7, 75-21, 76-1, 77-19

Display systems - 71-4, 72-2, 72-3, 72-14, 74-9, 76-18, 79-8, 83-5
Downwash - 68-3
DNA

see also

-. Chromosomes

DNA - 69-15
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Drug effects - 71-14, 71-20, 71-22, 71-23, 72-2, 75-2, 76-17

Dyes - 78-10

Ear protection
see
Hearing protection

Earphones - 70-2
Earplugs - 77-8, 80-6
Ejection seats - 71-9, 72-10, 74-6
EKG

see
Electrocardiography

Electrocardiography - 67-7, 69-5
Electrodes - 74-1
Electromyography - 78-3
Electrophysiology - 74-1
Electroretinography - 68-5
Endotracheal tubes - 73-6
Epinephrine - 73-4
Escape systems

see
Aircraft escape systems

* Excretion - 70-1
Exhaust

see
*Weapons exhaust

Expanded plastics - 77-1
Eye movements - 77-4, 82-8
Eye protection

see also
Goggles

Eye protection - 76-7
Eyeglasses - 69-3, 75-9, 77-17

Fabrics - 71-24, 78-10, 79-4
Fatigue (physiology) - 76-24, 77-21, 78-2, 78-6, 79-1, 79-12, 80-1, 80-8,

81-1. 81-7
Feedback - 69-10a

Field dependence (vision) - 74-8
Fire simulators - 79-4

Fires
see
Aircraft fires

Flight instruments

see also
Instrument panels

Flight instruments - 70-10, 71-4, 72-3, 74-9, 76-18, 79-8, 79-11, 82-1
Flight surgeons - 71-5
Flight training 76-2
Fluorometric analysis - 72-9
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-"Foam - 77-1
Fuel systems - 81-4

Ganglia - 68-5
Gas analysis - 68-8

iGases, toxic
see also

Toxic gas sampling
Names of specific gases, i.e., carbon monoxide, etc.

Gases, toxic - 67-4, 67-5, 67-10, 70-13, 77-18, 78-13
Gerbils - 69-4
Glare - 75-22, 76-4, 76-6, 76-21, 81-6
Glasses

see
Eyeglasses

Glutamate - 77-2
Glutathione - 75-20, 77-2

Goggles - 76-7, 76-20
Ground speed

see
Velocity

,Gunnery personnel - 73-15

Hair removal - 73-9
HALO parachutists - 67-2

Halothane - 73-6
lead injuries - 69-6, 71-11, 73-1, 73-7, 76-13, vol. 1, 76-13, vol 11,

76-22, 78-1, 80-7

Headsets - 76-9
- Health education - 71-5

Hearing loss - 79-3, 82-3, 83-2, 83-3
. Hearing protection - 66-6, 77-8, 77-15, 79-10, 79-13

Hearing protection (earphone enclosures) - 70-2
Hearing protection (earplugs) - 80-6
Hearing protection (helmets) - 67-6, 67-8, 68-6, 69-1, 73-8, 73-14, 78-12,

82-4
Heart rate - 67-7, 69-5
Heat stress - 82-9, 83-4, 83-6, 83-7
Heating systems, aircraft - 80-4
Helicopter In-Flight Monitoring Systems (HIMS) - 72-11
Helicopter types/CH-47 "Chinook" - 67-3
Helicopter types/Bell OH-13-T - 65-3
Helicopter types/UH-I - 71-1, 71-2, 71-18, 72-5, 72-6, 72-16, 73-2, 74-5,

74-12, 75-21, 76-1, 76-18
Helicopter types/UH-lB - 66-1
Helicopter types/UH-fl - 74-7

Helicopters, armed - 67-4, 67-10
Helmet-mounted displays - 79-14
Helmet-mounted sighting device

see
Integrated helmet and display sighting system
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Helmet types/APH-5 - 67-6, 69-1

Helmet types/BPH-2 - 68-6

Hlelmet types/DH-132 - 73-7, 73-8

Helmet types/P/N791 - 73-13, 73-14

Helmet tvpes/SPH-3 (Modified)(1.S) - 67-8

Helmet types/SPti-3X - 69-1
lhelmet types/SPH-4 - 77-1, 80-7, 81-3

Helmet types/T56-6 - 73-7
Helmets - 76-13, vol 1, 76-13, vol II, 76-22, 77-13, 78-1, 78-2, 78-4,

78-12, 81-7
lVemolvsis - 69-16
Hoists - 77-7
Hyperbaric conditions - 77-2

Hypoxia - 76-11, 78-7, 80-5

Illumination
see

Light ing
Impact testing - 69-6, 71-11, 72-7, 73-1, 73-7, 73-13, 76-13, vol 1,

76-13, vol II, 77-13, 78-4, 80-7, 82-4

Impulse noise - 77-15
Information retrieval - 70-9

Injuries
see also

specific type, i.e., Head injuries

Injuries - 66-7, 68-3, 71-18, 74-6, 81-4, 82-2
Instrument flight - 74-8, 78-6
Instrument panels

see also
Flight instruments

Instrument panels - 75-22, 76-4, 76-6, 76-18
Instruments

see
Flight instruments

Integrated helmet and display sighting svstem (I!ADSS) - 79-9, 81-3, 81-6

Isoniazid - 71-14, 71-22, 71-23

Jet lag - 81-2

Kidneys - 69-17, 69-18, 70-1

Lactate dehvdrogenase - 75-8, 75-10, 76-11

Landing lights - 76-21
Lasers - 76-7, 77-17

learn ing - 76-12
lens materials - 76-20
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Life support systems - 77-6, 77-10
Light emitting diodes (LED) - 72-3

Light transmission - 76-14, 76-23, 81-6
Lighting - 71-4, 72-3, 82-1
Litters, field - 67-9
Liver - 77-2
Low level flight

see also
Contour flight
Nap-of-the-earth flight

Low level flight - 75-3, 76-5, 76-10, 77-3, 78-5
Lvsergic acid diethvlaImide (LSD) - 72-9

Marijuana - 76-17
Maskiag - 76-5
M asks - 77-14

Mechanized Infantry Combat Vehicle (MICV) - 76-16, 77-8
Medical evacuation - 67-3, 75-4, 77-7
Molecular sieves - 77-10
Monitoring systems - 72-11
Motion sickness - 71-12, 74-11, 75-12, 76-15
Motion studies - 70-6, 70-7, 71-7, 72-1
Multivariate analvsis - 76-26
Muscle loading - 81-7

Muscle stress - 78-2

Nap-of-the-earth flight
see also
Contour flight

," Low level flight
Nap-of-the-earth flight - 75-3, 75-13, 77-3, 77-9, 77-20, 78-5, 80-8,

82-8
NATO - 71-21

Neurological tests - 71-22
Night flight - 71-21, 76-10, 76-14, 76-27, 77-3, 79-11
Night vision devices - 76-2, 76-10, 76-25, 76-27, 77-3, 77-9, 79-8, 79-11,

83-1
Nitrophenols - 69-18

Noise
see also
Aircraft engine noise

Hearing protection

Impulse noise
Vehicular engine noise

Noise - 67-6, 79-3. 79-6, 83-2, 83-3

V. North Atlantic Treaty Organization
• see

NATO
Nystagmus - 6S-4, 70-10, 71-12. 71-1), 71-16, 72-1, 73-15, 75-2
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Oculomotor performancei see

Visual performance

Optical lenses - 76-20
*. Optical t raci" ing - 76-24

Optical viewing devices - 75-12, 75-17 76-15
Oscillation - 71-12, 71-15, 82-5
Oxygen consumption - 75-20, 77-6, 77-9
Oxygen systems - 73-16, 76-19, 77-10
Oxygen toxicity - 75-8, 75-10, 75-20

- Parachuting - 66-7, 67-2, 67-7, 69-9, 71-9, 74-4

Performance (Human)
S eC

Task performance
Performance relevance - 69-10a
Performance testing

see also
Task performan e

Performance testing - 70-8
Peripheral vision - 83-1
Personality factors - 75-1, 75-15
Phospholipids - 69-12
Pilot error - 75-1, 75-15
Pilot selection

see

Aviator selection
Plastics

see
Expanded plastics

Problem solving - 80-2
Propellers - 72-15
Protective clothing

see

Clothing, protective
Protective masks

s(e

Masks
Psvchoacoust iCs - 77-12
Psychomotor tests - 82-6
Pupi llometrv - 77-21

Radiation protection - 77-17
Rescue eqtu ipmen t - 77-7
Restisc it;it ion - 73-12
Ret ina - 69-10, 69-11. 69-14
Rods (vision) - 69-11
Rotation - 69-7, 69-13, 70-6, 70-12, 71-7, 71-15, 71-1
Rotor blades - 68-I, 68-2, 68-Il, 72-15
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S-PottuItials - 69-1 , 69-]1, 69-14
Scall ning pat Lerns - S2-7
Seats, aircraft - 7)-3, 71-9, 72-7
Svnm i aut omat ed J vst Svs tem (SATS ) - 70-8
Semicircular canals - 69-7, 69-1 1 70-6 71)-I 71-16
-. ScquItt L I mUIltipl channe'l analvzer - 79-7

Shock - 71-4, 73-11. 71-12
S eep dcpr ivat ion - 76-24
SMA(-20 - 79-7
Sod iun - 7 3-12
Soft contact lenses

(:onLta(t lenses, hvdrophlIic

SoLnd at tenuat ion
see

Noise
Hearing protection

Space flight - 69-4
Speech, synthetic - 75-18
Spinal column - 72-10, 74-6
Spinal cord - 75-5, 77-5
Spleen - 73-4
Stabilization systems - 78-14
Statistical functions - 67-1

Stress (phvsiology)
see also

Heat stress
Stress (Physiology) - 67-5, 67-7, 69-5, 70-11, 71-10, 71-21, 75-3, 77-9,

77-20, 78-3, 79-12, 80-1, 81-1, 81-2
Stress (Psychology) - 69-10a, 69-19, 70-11, 75-3, 79-12
Succinate dehydrogenase - 76-11
Surface area (Physiology) - 73-5

Swine - 73-5
Synthesized voice warning svstems - 75-17

Target acquisition - 75-12, 76-15
Task performance

see also
Specific task, i.e., Tracking, etc.

'ask performance - 69-i0a, 69-19, 71-14, 71-21, 71-23, 77-4
Temperature

see
Heat
Cold

Terrain flight
see

Low level flight
Nap-of-the-earth flight

Contour flight
Threshold shift - 79-6, 83-2
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Toxic gas sampling

see also
Gas analysis

-. Toxic gas sampling - 66-2, 67-4, 67-5, 67-10
. Toxicity - 69-1 , 69-17, 70-13, 77-18
" Tracking - 71-20, 72-2, 75-2, 79-9, 82-6
- Training

see also
Flight training

Training - 67-2, 71-17
Troop deployment - 71-10

Urinalysis - 77-20

. Vehicles - 76-16, 77-8
"* Vehicular engine noise - 76-16

Velocity - 76-3
Venoms - 69-16
Vertigo - 68-11, 70-12, 71-1, 71-2, 72-4, 72-5, 72-6, 72-13, 72-16, 73-2

74-3. 74-5. 74-12. 75-6. 75-21. 76-1, 77-19
* Vestibular apparatus - 68-4, 69-7, 69-8, 69-13, 70-6, 70-7, 70-10, 70-12,

71-7, 72-2, 73-15, 74-11, 75-7
, Vibration - 81-3, 81-5

Vietnam - 72-12
Visibility

see also
Aircraft visibility

Visibility - 70-3

Vision
see also
Color vision
Peripheral vision

Vision - 82-5
* "Visual acditv - 76-24, 78-5, 78-6

Visual perception - 74-7, 75-11, 76-3, 76-5, 76-25, 76-27, 77-4, 77-14
* Visual performance - 77-11, 82-7

Voice communications - 75-13, 82-8

*Warning devices - 75-16
-- Weapons exhaost - 66-1, 66-2, 67-4, 67-5, 67-10, 70-5, 70-13, 77-18,

78-13
* 'Windshields, aircraft - 68-7, 75-19, 75-22, 76-4, 76-6, 76-14, 76-23

Work measurement - 78-3
Workloads - 77-4, 77..q 78-14, 82-8

. Workspace design, airrraft - 69-2

Xenon lighting - 71-13
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CROSS INDEX OF JOINT REPORTS

AGENCY AND REPORT NUMBER USAARL REPORT NUMBER

Air Force Rocket Propulsion Laboratory

AFRPL TR 67-203 67-10

Frankford Arsenal

USAFA R-1948 70-13

Naval Aerospace Medical Institute

NAMI 1031 68-5
NM 1 1034 68-8
NAMI 1040 68-9
NAMI 1043 68-10
NAI 1 1056 69-4
NAMI1 1064 69-6

NAMI 1066 69-8
NAMI 1071 69-10
NANI 1072 69-11
NAII 1073 69-7
NAMI 1074 69-13
NAMI 1075 69-14
NAMI 1077 69-19
NAMI 1092 70-8
NAMI 1093 70-6
NAMI 1094 70-7
NAMI 1097 70-10
NAMI 1099 70-11
NAMI 1106 70-12

NAMRL 1107 70-14
NAMRI 1108 71-1
NAMRL 1109 71-2
NARL 1113 71-4

NAMlRL 1114 69-10a
NAIMRL 1115 71-7
NANRI, 1116 71-8
NAMRL. 1122 71-11
NAMRL 1123 71-12
NANIRI, I 129 71-15
NANIRI, 1131 71-16
NARI. 1133 71-20
NANRI. 1138 72-1
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AGENCY AND REPORT NUMBER USAARL REPORT NUMBER

NAMRL 1143 72-4
NAMRL 1145 72-5
NAMRL 1147 72-6
NAMRL 1161 72-13
NAMRL 1163 72-16
NAMRL 1169 73-2
NAMRL 1188 74-3
NAMRL 1192 74-5
NAMRL 1200 74-11
NAMRL 1202 74-12
NAMRL 1206 75-2
NAMARL 1209 75-6
NA.MRL 1210 75-7
NAMRL 1213 75-12
NAMRL 1218 75-21
NAMRL 1223 76-15

. NAMRL 1238 77-19

NAMRIL Monograph 21 73-1

U. S. Army Aonly for Aviation Safety

USAAAVS 75-2 75-14
USAAAVS 75-3 75-15
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USAARL LETTER REPORTS

LR Number

- - Binocular neurons in the dorsal lateral geniculate nucleus

of the rabbit, undated.

By Roger Wiley and David L. Stewart.

-Effects of helicopter downwash, undated.

By William P. Schane and Robert W. Bailey.

Escape system requirements for U.S. Army aircraft in Vietnam,

undated.

By Delvin E. Littell, Robert W. Bailey, and William P.

Schane.

Evaluation of the human body as an airfoil, undated.

By William B. Schane.

An evaluation of the toxic hazard from propellant-actuated
devices aboard armed helicopters, undated.

By G. L. Hody.

Military parachuting, Sub-task #1: Weight/height ratio and

airborne training, undated.

Author unknown.

Military parachuting, Sub-task #2: Photography of impact,

undated.

By Harold R. Chappell and John D. Lawson.

-Newer techniques in phonocardiography, undated.

By John D. Lawson and Richard L. Wall.

Trans-callosal projections to the rabbit's visual cortex,

undated.

By Roger W. Wiley, David L. Stewart, and Marilee P. Ogren.

Weight reduction, undated.

By William P. Schane.

- - Device 2B24 operational suitability test: results summary
and comments, undated.

By Paul W. Caro, Robert N. Isley, and Oran B. Jolley.

Preliminary survey of acceleration and pilot disorientation

problems in Army aircraft, March 1964.

By George C. Crampton, Jimmie L. Hatfield, J.C. Rothwell,

W.C. Thrasher, and J.L. Shelby.
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LR Number

Internal noise evaluation of the off-the-shelf fixed wing
instrument trainers and carbon monoxide investigation of
the off-the-shelf fixed wing instrument trainers, October
1964.

By William C. Thrasher.

Noise analysis of the CV-7A, October 1964.

By William C. Thrasher.

Aviation toxicology, December 1964.

By William C. Thrasher.

-Impulse noise sound pressure levels of the XM-23 light
weight protective fire subsystem, August 1965.

By Robert T. Camp, Jr..

- - Noise spectra of the YCH-54A, October 1965.

By Robert T. Camp, Jr.

Impulse noise sound pressure levels of the XM-21 protective

fire subsystem, December 1965.

By Robert T. Camp, Jr..

Impulse noise sound pressure levels in the armored version
of the CH-47A transport helicopter, December 1965.

By Robert T. Camp, Jr..

Test of the ventilated flight suit. oecember 1965.

By Lloyd E. Spencer.

- - iHeight limitations for Army aviators, February 1966.

By William P. Schane.

-.. Proposed standard: Recommendation for evaluating vibration
exposure of humans, March 1966.

By William P. Schane.

- - Air contaminant measurements in the armed Chinook, April
1966.

By George L. Hody and Sidney Zimmet.

- --- Sound pressure levels of noise in the CH-47A helicopter,

June 1966.

By Robert T. Camp, Jr..

- - Sound pressure levels in a standard UH-lB helicopter and a
AH-IB equipped with the Model 540 rotor system, July 1966.

By Robert T. Camp. Jr..
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LR Number

- - Weapon exhaust accumulation on the tail ramp of a JCH-47A
during firing of an XM-24 machine gun in flight, November

*.. 1966.

By William P. Schane.

- - LOII-6A (Hughes) lighting survey, January 1967.

By John K. Crosley.

Carbon monoxide measurement in the Enstrom F-28, February
1967.

By George L. Hody and Gerhard Y. Swidzinski.

Effects of helicopter downwash, February 1967.

By William P. Schane and Robert W. Bailey.

Carbon monoxide measurements in the Hiller FH-IIO0, March
1967.

By George L. Hody and Gerhard Y. Swidzinski.

Optical evaluation of a modified M-24 gas mask for flying
personnel, April 1967.

By John K. Crosley.

""- Comments on a proposed carbon monoxide sensing system for

armed helicopters, July 1967.

By George L. Hody.

Task 051 consultant and commercial directory, August 1967.

By George L. Hody.

CO measurement in the armed LOH, September 1967.

By Gerhard Y. Swidzinski.

Survival kit, individual lightweight, Army FSN 84-65-JOl-

0741, September 1967.

By William P. Schane.

CH-47B lighting survey, October 1967.

By John K. Crosley.

-..- CO measurement in the armed Cobra, October 1967.

By Gerhard Y. Swidzinskl.

Downwash of the CH-47B, October 1967.

By William P. Schane.

Downwash of the CH-54A, October 1967.

By William P. Schane.
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LR Number

- -°CO measureiment in the CH-47A Chinook, November 1967.

By Gerhard Y. Swidzinski.

- - iImpulse noise of the XM-27-El weapons system in the OH-6A
helicopter, November 1967.

By Robert T. Camp, Jr..

-.- Noise spectra of the U.S. Army CH-47B helicopter, November

1967.

By Robert T. Camp, Jr..

-Impulse noise of the XM-41 weapons system in the CH-47A
helicopter, December 1967.

By Robert T. Camp, Jr..

-Noise spectra of the US Army U-21A aircraft, December 1967.

By Robert T. Camp, Jr..

Recommended procedures for field anthropometry for accident
reporting form , December 1967.

By Charles G. Moultrie and William P, Schane.

--" Evaluation of type 3R1 (64mm) optical insert for the M-24
aviators CBR mask, January 1968.

By Robert W. Bailey.

Heat stress on AH-lG crews, February 1968.

By Delvin E. Littell.

Toxicological evaluation of 20mm gun. February 1968.

By Delvin E. Littell.

- -"CO measurement of the Bell TH-13 helicopter heating system,

March 1968.

By William P. Schane and Gerhard Y. Swidzinski.

Comparisons between three wind-tunnel configurations and

the airflow field under a hovering helicopter, March 1968.

By William P. Schane.

- - Optimal sound pressure levels of low RPM audio warning sig-
nals in Army UH-1 helicopters, March 1968.

By Robert T. Camp, Jr..

- - The wearing of parachutes during helicopter flight, March
1968.

By William P. Schane.
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LR Number

- - Aeromedical considerations in air crash/rescue involving
post-crash fires, April 1968.

By David B. Gillis and Arlie D. Price.

-'-- CO measurement of the Bell Cobra XM-28 weapons system,
April 1968.

By William P. Schane and Gerhard Y. Swidzinski.

An evaluation of specially treated aviation maps viewed

under ultraviolet light, April 1968.

By John K. Crosley.

Precautions necessary in instructor pilots engaged in
aerial application of toxic materials, April 1968.

By William P. Schane.

- -Overall and octave-band noise attenuation characteristics
of a soundproofing assembly in an Army OH-6A helicopter,
May 68.

By Robert T. Camp, Jr. and Igor Boris.

Preliminary observations of centifrugal tests of the sky
hook litter system, May 1968.

By William P. Schane.

Carbon monoxide measurements of the XM-59 weapons system
in the Bell UH-ID, June 1968.

By Brian L. Tiep and Gerhard Y. Swidzinski.

June 1968.

By Delvin E. Littell and Lawrence Kelly.

Physical standards in HALO jumpers, June 1968.

By William P. Schane.

Impulse noise of the XM-59 weapons system in a U.S. Army

UH-1 helicopter, July 1968.

By Robert T. Camp, Jr..

• ,- Impulse noise of an XM-134 machine gun and an XM-129 grenade
launcher in a (IS Army UH-IG Hluey Cobra helicopter, July 1968.

By Robert T. Camp, Jr..

Physical fitness program defined by Dr. Miller, July 1968.

By William P. Schane.
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LR Number

' - - AmAbient sound pressure levels ot noise in Knox Field 'ontr ol

tower, Fort Rucker, Alabama, August 1968.

By Robert 1'. Camp, Jr..

- -Calculated height-weight tables for Army aviators, September
1968.

By Delvin E. Littell and Lawrence Kelly.

Carbon monoxide measurements in the tethered trainer 11T-IA,

September 1968.

By Delvin E. Littell.

* "-- Comparison of heat stress of individuals wearing current
flight suit and a new clothing system for Army aviators,

September 1968.

By Delvin E. Littell and Lawrence Kelly.

Noise spectra of the U.S. Army HT-1A tethered helicopter
trainer, October 1968.

By Robert T. Camp, Jr..

- - Guillotine for the treatment of snakebite, November 1968.

By William P. Schane.

-Overall and octave-band noise attenuation characteristics of
soundproofing blankets in U.S. Army UH-1D helicopters, Nov-

ember 1968.

• -By Robert T. Camp, Jr..

- -. ,A proposed helicopter ground crew helmet, December 1968.

By William P. Schane.

.-.- Comments concerning proposal No. 68-69 from Conrad Precision
Industries for a Betalight, January 1969.

By Robert W. Bailey.

- - Carbon monoxide measurements in the AH-l(; (Cobra) with Xi-35
system, February 1969.

By Delvin E. Littell.

Carbon monoxide measurements in the OH-6A with XN-8 system,

March 1969.

By Delvin E. Littell

-,- .- Impulse noise of an XM-8 subsystem on a 1'.S. Army OH-6 heli-
copter, March 1969.

By Robert T. Camp, Jr..
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LR Number

- - Report of analysis of carbon monoxide data obtained during

missile firing test of M551 on 25 April 1969, May 1969.

By Delvin E. Littell and Donald T. Butts.

. -Carbon monoxide measurements in the OH-58A with XM-27EI sys-

tem, June 1969.

By Delvin E. Littell and Donald T. Butts.

-Heat stress in airmobile aircraft maintenance shop, June

1969.

By Lawrence Kelly.

Analysis of missile exhaust of 2.75 rocket system on AH-IG

Cobra for carbon monoxide, September 1969.

By Donald T. Butts.

". - Comparison of heat stress of the AH-IG equipped with clear

and tinted canopy, September 1969.

By Delvin E. Littell and Michael J. Maas.

-An in-flight evaluation of liner temperatures of the SPH-4

and APH-5, September 1969.

By Delvin E. Littell.

" - Lighting survey of the LOH-58A (Kiowa), September 1969.

By John K. Crosley.

Medical and physiologic effects of ejection and parachuting,
an overview, September 1969.

By Stanley C. Knapp.

Service test of the real-ear sound attenuation characteris-
tics of the SPH-4 protective helmet, September 1969.

By Robert T. Camp, Jr.

-Test of compatibility of chest parachute with UH-lD crew
station and body armor, September 1969.

By Donald F. Miller.

- -Noise spectra of the U.S. Army CH-47C helicopter, October

1969.

By Robert T. Camp, Jr.

Downwash of the CH-47C, November 1969.

By Delvin E. Littell.

Carbon monoxide measurements in the OH-58A helicopter with

the heater in operation, December 1969.

By Delvin E. Littell.
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L.R Number

- - Heat stress on Olt-58A helicopter crews, lhtcermber 1969.

By Delvin F. Littell.

Noise spectra of the U.S. Army Oti-58A hel icopt yr, D~ecember
1969.

By Robert T. Camp , Jr . , Ronald 1. Kovacs , and Dona d C.
IMap pe s.N" •Quality control test of the real-ear sound attenuat ion char-
acteristics of the SPtt-4 protective helmet , sample nuMber 4,
lot number 12, December 1969.

BV Robert T. Camp, Jr.

-Quality control test of the real-ear sound attenuation char-
acteristics of the SPH-4 protective helmet, sample number 5,
lot number 16, December 1969.

By Robert T. Camp, Jr.

- - Quality control test of the real-ear sound attenuation char-

acteristics of the SPH-5 protective helmet, sample number 6,
lot number, 20 December 1969.

By Robert T. Camp. Jr.

-..- Heat stress in an airmobile aircraft maintenance shop, Jan-
uary 1970.

By Delvin E. Littell.

- " Cold and heat stress on OH-58A helicopter crews, January

1970.

By David G. Schrunk and Michael J. Maas.

LOII-58A (Bell) canopy distortion survey, January 1970.

By John K. Crosley.

Quality control test of the real-ear sound attenuation char-

acteristics of the SPH-4 protective helmet, sample number 7,
lot number 24, January 1970.

By Robert T. Camp, Jr.

- - Polycarbonate helmet visor evaluation, February 1970.

By Robert W. Bailey.

Carbon monoxide measurements in the UHI-1C with XM-140 gun,
March 1970.

By Delvin E. Littell.

-'- Impulse noise of a 30 millimeter XM-140 weapon on a U.S.

Army Utt-lC helicopter, March 1970.

By Robert T. Camp, Jr.
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LR Number

- - Magnesium flouride coating of aviation spectacles, March

1970.

By Robert W. Bailey.

- - Octave band analysis of noise generated by an M-60 search-
light system in a U.S. Army UH-l helicopter, March 1970.

By Robert T. Camp, Jr.

USAARL evaluation test report of the life saving capabili-

ties of the heliborne crash/rescue fire suppression system
(CRFSS), April 1970.

By David G. Schrunk, Stanley C. Knapp, G. 1. McCahan, Jr.,
Robert McGowan, Brian Nemec, and Joseph Sadowski.

Noise spectra of a U.S. Army multi-service unit-l, April

1970.

By Robert T. Camp, Jr., Ronald F. Kovacs, and Donald C.
Mappes.

- -Quality control test of the real-ear sound attenuation char-
acteristics of the SPH-4 protective helmet, sample number 8,
lot number 28. April 1970.

By Robert T. Camp, Jr.

Ambient sound pressure levels of noise in a U.S. Army AN/
TSQ-71A landing control central, May 1970.

By Robert T. Camp, Jr., Michael J. Schaffner, and John E.
Kenderdine.

An approach to local problems of vivarium design and con-

struction. May 1970.

By G. R. McCahan.

-- - Lighting survey of the OV-l (Mohawk), May 1970.

By John K. Crosley and William E. McLean.

Quality control test of the real-ear sound attenuation char-
acteristics of the SPH-4 protective helmet, sample number 9,
lot number 32, May 1970.

By Robert T. Camp, Jr., John E. Kenderdine, Jr., and Michael
J. Schaffner.

- -Real-ear sound attenuation characteristics of three brands
of ear protective devices proposed for armored vehicle crew-
men, May 1970.

By Robert T. Camp, Jr.

Field evaluation of a flash suppressor for the 7.62 minigun,

July 1970.
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LR Number
By William McLean, John K. Crosley and Robert W. Bailey.

- -Environmental cooling system evaluation in the OV-l-D Mohawk
aircraft, September 1970.

By Leonard R. Kowalski.

-,- Impulse noise of an XM-35 armament subsystem in a U.S. Army
Huey Cobra helicopter, October 1970.

By Robert T. Camp, Jr., John E. Kenderdine, Jr., and Michael

J. Schaffner.

Hughes Forward Looking Infrared System (FLIR) evaluation,

February 1971.

By Robert W. Bailey.

Evaluation of the sample Neodymium Visor No. V-156, December

1971.

By Robert W. Bailey.

LR-71-1-3-1 Medical aspects of the engineering and service test of stan-
dard air delivery equipment (personnel) at high drop zone
elevations - USATECOM Project No. 8-EG-065-000-002/003, Jan-
uary 1971.

By Stanley C. Knapp and George R. McCahan.

LR-71-2-2-I A comparative evaluation of two pairs of UH-I chinbubbles

(lower canopies) from different manufacturers, February 1971.

By John K. Crosley, Erwin B. Braun, Ronald G. Tabak, Edgar

C. White, Jr. and Robert W. Bailey.

LR-71-3-3-2 The testing of thermal protective clothing in a reproducible
fuel fire environment, Phase I report: A feasibility study,

March 1971.

By Francis D. Albright, Francis S. Knox, III, David R.
DuBois, and George M. Keiser.

LR-71-4-2-2 Noise spectra in and around a turbine test cell in Building

7206, Fort Rucker, Alabama, April 1971.

By Robert T. Camp, Jr. and Michael J. Schaffner.

LR-71-5-1-1 APE II - AH-56A helicopter, June 1971.

By Winton H. Burns, Calvin B. Lum and George Volkov, Jr.

LR-71-6-2-3 Noise spectra of the U.S. Army OV-ID aircraft, June 1971.

By Robert T. Camp, Jr., Michael J. Schaffner and John E.

Kenderdine.

LR-72-I-2-I The effects of air inlet modifications on the sound spectra
of U.S. Army CH-47C helicopter auxiliary power unit noise,

July 1971.
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- . LR Number

By Robert T. Camp, Jr., Michael J. Schaffner and John E.
Kenderdine, Jr.

LR-72-2-2-2 Noise spectra of the Boeing-Vertol Model 347 helicopter,
September 1971.

By Robert T. Camp, Jr., Michael J. Schaffner and John E.
Kenderdine, Jr.

LR-72-3-3-I Determination of tile maximum sitting height in U-IOA air-
craft, September 1971.

Author unknown.

* LR-73-4-2-3 Impulse noise of one-half and one-quarter pound TNT charges
when detonated in a corrugated steel drainage pipe, Septem-
ber 1971.

By Robert T. Camp, Jr.

LR-72-5-3-2 Determination of the maximum sitting height in C-45 air-
craft, September 1971.

By Thomas D. Casey.

LR-72-6-2-4 Internal/external lighting and canopy distortion survey of
the AH-56A (Cheyenne) helicopter. September 1971.

By John K. Crosley and Erwin G. Braun.

LR-72-7-1-1 Evaluation of the cockpit thermal conditions of the synthetic

flight training system 2B24, December 1971.

By William P. Schane.

LR-72-8-3-3 Preliminary findings and conclusions of the X-ray evaluation
of the spinal alignment in human subjects while sitting in

the improved MK-J5(D) ejection seat, January 1972.

By Burton H. Kaplan.

LR-72-9-2-5 Noise spectra of the synthetic flight training system Model
2B24. February 1972.

By Robert T. Camp, Jr. and Ben T. Mozo.

LR-72-IO-l-2 RDAT I SGS nystagmus-vertigo study, February 1972.

By Winton H. Burns and George Volkov.

LR-72-11-1-3 Special tests on pilot and TOW missile system during APE [11,

February 1972.

By Robert W. Bailey and Winton H. Burns.

LR-72-12-2-6 Real-ear sound attenuation characteristics of hearing pro-
tective devices avallable through federal supply chaiinels,
February 1972.

By Robert T. Camp, Jr., Ben 1'. Mozo, Lawrence F. Kuc and
* Gordon A. Schott.
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LR Number

LR-72-13-2-7 Thermal attenuation of the Army flight helmet sun visor,

March 1972.

By John K. Crosley, Erwin G. Braun and Ronald G. Tabak.

LR-72-14-I-4 Stanford-Binet Bibliography, April 1972.

By William P. Schane.

LR-72-15-I-5 Wechsler Bibliography, April 1972.

By William P. Schane.

LR-72-16-3-4 Preliminary results, conclusias, and recommendations in
reference to bump protection evaluation of the standard T56-6
and prototype DH-132 combat vehicle crewman's helmet, June
1972.

Bv Stanley C. Knapp, Thomas D. Casey, Burton H. Kaplan and
Donald G. Cheesman.

I.R-72-17-3-5 Preliminary results, conclusions and recommendations from

the evaluation of helmet flammability - DH-132 and T56-6
helmets, June 1972.

By Francis S. Knox, II.

lR-72-l8-2-8 A field of vision comparison of the standard U.S. Army Combat
Vehicle Crewman (CVC) and the DH-132 protective helmets,
June 1972.

By John K. Crosley and Lawrence J. Laychak.

LR-72-19-2-9 Real-ear sound attenuation characteristics of a sample of
DH-132 combat vehicle crewman helmets, June 1972.

By Robert T. Camp, Jr., Ben T. Mozo, Gordon A. Schott and
Lawrence F. Kuc.

LR-73-1-2-1 An evaluation of anti-laser goggles: fitting characteristics
field of view and effects upon color vision, August 1972.

By John K. Crosley, Lawrence J. Laychak and Erwin G. Braun.

I.R-71-2-2-2 Noise spectra in the Flight Simulation Division, Building
4901, Fort Rucker, Alabama, October 1972.

By Robert 1. Camp, Jr., Ben T. Mozo and Gordon A. Schott.

Evaluation of U.S. Air Force personnel lowering devices in-
tecrated with the U.S. Army "Quick-Fit" harness assembly for
,ie-tion seat aircraft, October 1972.

Bv Burton Ht. Kaplan.

-7 -:- I -I l'Iii ef fe't of f iber and dxe degradation products (FDP) on
bti, r wotnd hal ing. Decmber 1972.

[ V 'rin( is N. Knox, I I I , Thomas I.. Wach tel , G . R. Mc('ahan,
Ir . ( lv in I',. I,um and Va Itcr ) . Tr Ovethan.
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b. LR Number

LR-73-5-2-3 Quality control test of the real-ear sound attenuation char-
acteristics of SPH-4 protective helmet, sample number 10,
January 1973.

By Robert T. Camp, Jr., Ben T. Mozo, Gordon A. Schott,

Rohinton N. Guzdar, and Timothy M. Hinkel.

LR-73-6-3-2 Instrumented helicopter burn, January 1973.

By Calvin B. Lum.

LR-73-7-3-3 Evaluation of use of Velcro in place of zippers on Nomex
flight suit, January 1973.

By Ernest B. Altekruse.

I.R-73-8-1-2 Current cardiovascular and respiratory examination methods
in medical selection and controls of aircrews in the United
States Army, March 1973.

By William P. Schane and Nicholas E. Barreca.

LR-73-9-3-4 Results, conclusions and recommendations from the evaluation
of helmet flammability - DH-132 and T56-6 helmets, May 1973.

By Francis S. Knox, III and Robert W. Bailey.

LR-73-I0-2-4 Sound pressure levels of noise from cooling fans outside of
Building 4901, Fort Rucker, Alabama, May 1973.

By Robert T. Camp, Jr., Edward F. New, III and Alan L.
Croshaw.

LR-74-1-1-1 CO measurement of the UH-lH XM-56 mine dispersing subsystem,

July 1973.

By Steven K. Shults.

LR-74-2-3-I Evaluation of the head cooling system, August 1973.

By Edward F. New, III and Ernest B. Altekruse.

LR-74-3-3-2 Shock producing devices in survival training, August 1973.

By John C. Johnson and James P. Clark.

LR-74-4-2-1 Acoustic noise characteristics of the ARC-98 communication
systems, August 1973.

By Robert T. Camp. Jr, and Ben T. Mozo.

LR-74-5-2-2 Sound pressure levels of the XM-56 mine dispersing subsystem
noise in a UH-IH helicopter, September 1973.

By Robert T Camp, Jr., Ben T. Mozo, Rohinton N. Guzdar and
Timothy M. Hinkel.

1,R-74-6-1-2 Noxious gas measurement of missile ANSSR ITT--Program SEAS,
October 1971.

By Steven K Shults.



1.R Number

1,R-74-7-2-3 Quality control test of the real-ear sound attenuation char-
acteristics of SPII-4 protective helmets manuf ICtured by
Atkins & Merrill, pilot lot, December 1973.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Cuzdar, and Timothy M. linkel.

1.R-74-8-2-4 Quality control test of real-ear sound attenuation character-

istics of SPH-4 protective helmets manufactured by American
Safety Company, lot 2, December 1973.

By Robert T. Camp, Jr., A]an L. Croshaw, Ben 1. Mozo,
Rohinton N. Cuzdar and Timothy M. Hinkel.

LR-74-9-2-5 Quality control test of real-ear sound attenuation character-
istics of SPH-4 protective helmets manufactured by American
Safety Company. lot No. 3, December 1973.

By Robert T. Camp. Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Cuzdar and Timothy M. Hinkel.

LR-74-I0-1-3 Low level versus nap-of-the-earth flying: EMC results, Dec-
ember 1973.

By Roger W. Wiley.

LR-74-11-2-6 Acoustic evaluation of the AN/PRS-7 and AN/PSS-ll mine detec-

tors and the AN/GSQ-151 anti-intrusion detectors, December
1973.

By James H. Patterson, Jr., Ben T. Mozo, Timothy M. Hinkel
and Rohinton (;uzdar.

1LR-74-12-2-7 Quality control test of real-ear sound attenuation character-

istics of DH-132 helmets manufactured by (entex Corporation,
lot No. 1, January 1974.
By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-13-2-8 Quality control test of real-ear sound attenuation character-
istics of DH-132 helmets manufactured by Gentex Corporation,
lot No. 2, January 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. (uzdar and Timothy M. Hinkel.

1LR-74-14-2-9 Quality control test of real-ear sound attenuation character-
istics of DH-132 helmets manufactured by Gentex Corporation,

-O lot No. 3, January 1974.

By Robert T. Camp, Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-15-2-10 Quality control test of real-ear sound attenuation character-
istics of DH-132 helmets manufactured by ,entex Corporation,
lot No. 4, January 1974.
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By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo.

Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-16-2-II Quality control test of real-ear sound attenuation charac-

teristics of DH-132 helmets manufactured bv Gentex (orpo-
ration, lot No. 5, January 1974.

By Robert T. Camp, Jr., Alan L. (Croshaw, Ben T. Mozo,

Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-17-2-12 Quality control test of real-ear sound attenuation charac-

teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lots 6, 7, 8, 9, 10, 11, and 12, February 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-18-2-13 Quality control test of real-ear sound attenuation charac-
teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lots, 13, 14, 15, 16, 17, 18 and 19, February 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-19-2-14 Quality control test of real-ear sound attenuation charac-

teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lots 20. 21, 22, 23 and 24, February 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-20-2-15 Quality control test of real-ear sound attenuation charac-

teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lots 25, 26, 27, 28 and 29, February 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-21-3-3 Evaluation of OH-58 seat belt support assembly, February

1974.

By Edward New, E. B. Altekruse, Daniel Carpenter
and Richard A. Tucker.

LR-74-22-2-16 Quality control test of real-ear sound attenuation charzc-
teristics of DH-132 helmets manufactured by Gentex Corpo--

ration, lots 30, 31, 32, 33 and 34, March 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-23-2-17 Quality control test of real-ear sound attenuation charac-
teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lots 35, 36, 37, 38 and 39, March 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.
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LR-74-24-2-18 Quality control test of real-ear sound attenuation charac-

teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lots 40, 41, 42, 43 and 44, March 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-25-3-4 Study of lap belt installation in UH-l armored seat, March

1974.

By Edward F. New, III, Ernest B. Altekruse and Daniel

Carpenter.

hR-74-26-2-19 Quality control test of real-ear sound attenuation charac-

teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lots 45, 46, 47, 48 and 49, March 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-27-I-4 Respiratory effects of the individual survival vest, air-
crewman (ISVESTA), March 1974.

By Dennis A. Baeyens.

LR-74-28-3-5 Evaluation of the impact protection provided by the para-
chutist helmet with and without a protective nape pad,

April 1974.

By Thomas D. Casey and J.L. Haley, Jr.

LR-74-29-3-6 Crash injury analysis of OV-lD, Number 17018 fatal accident

east of Dothan, Alabama, 22 February 1974, April 1974.

By Thomas D. Casey, J.L. Haley, Jr., E.B. Altekruse and
Stanley C. Knapp.

LR-74-30-3-7 Preliminary evaluation of P/N 791 as combat vehicle crewman's
helmet, April 1974.

By JL. Haley, Jr., Stanley C. Knapp and Robert K. Shirck.

LR-74-31-2-20 Quality control test of real-ear sound attenuation charac-

teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lot 54, April 1974.

By Robert T. Camp. Jr., Alan L. Croshaw, Ben T. Mozo,
Rohinton N. Guzdar and Timothy M. Hinkel.

LR-74-32-2-21 Sound pressure levels of noise from cooling fans and pump
room of Building 4901, Fort Rucker, Alabama, May 1974.

By Robert T. Camp, Jr.

LR-74-33-l-5 Noxious gas measurements of missile ARROW, June 1974.

By Michael G. Medvesky.
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1,R-75-1-7-1 Afterimages associated with using the AN/PVS-5, night vision
goggles, August 1974.

By David 1). Glick and Chris E. Moser.

I.R-75-2-7-2 D~ark adaptation changes associated with the use of the AIN!
INVS-5 night vision goggles, August 1974.

B y David D. Glick, Roger W. Wile,, Chris E.. Moser and Chun
K. Park.

1,R-75-3-1-1 Blood pressure and heart rate response to the application of
the military anti-shock trouser in the intact human suibject,
August 1974.

By Frank S. Pettyjohn, Michael G. Medvesky and Joseph 0.
Bonnet.

1LR-75-4-2-1 Quality control test of real-ear sound attenuation charac-
teristics of DII-132 helmets manufactured by Centex Corpo-
ration, Lot 59, August 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo and
Hlarvey' C. Brand.

LR-75-5-2-4 Invest igation of a non-hardening seal for the DI- 132 helmet,
August 1974.

By Ben 1'. Mozo, Alan L. Croshaw, fIames Il. Pat terscn and
Robert TI. C;amp, Jr.

LR-75-6-1-2 Forced land ing area famil1iarizat ion during preflight plain-
ni ng uIsing airf ield photographs, August 1974.

By David B. Anderson.

LR-75-7-2-3 Qual ity cont rol test ot real -ear sound at tenuat ion charac-
ter ist ics of DII-1 32 helmets manufactu red by (;ente x Corpo-
ration, Lot 64, AuguIst 1974.

By Robert T . Camp, J.1r*, Al an L. Croshaw , Ben 'T. M1-ozo and
Harvey C. Brand.

1,R-75-8-l-3 Aeromedic(a 1 movement ot thle acute myocard ialI infarct ion,
- July 1974.

By Frank S. PettV johnl

1,R-75-9-1-4 The inicidenrct, (it' equ in, info( t iois anemia iin hor,' s st.)blt-d
on the Fort Ruicker Arm', post, Sep~tember 1974.

4 By '[err,'1'. (4ee and NelN Bonne0t I

L.R-7S-lO-2-2 Quality cont rolI test of real -ear1 Sound atL tOMNiat i on1 chiarac-

ter ist ics of DI1)]32 he Niet s manuifactured by" (en1tte\ ('orp-J
rat ion , Lot 69 , Angus t 19 7 4.
By Robert 'T. Camp, I.1r*, Alain I .Croshuaw, Ben 1. MIozm and
Harvey C. Brand.
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LR-75-11-3-I Comparison of the impact protection provided by the parachut-
ist helmet with three different types of protective nape

pads, August 1974.

By J. L. Haley, Jr.

LR-75-12-2-5 Quality control test of real-ear sound attenuation charac-

teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lot 74. August 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo and
Harvey C. Brand

LR-7S-13-I-5 Lactate dehydrogenase - Hyperbaric studies, August 1974.

By Dennis A. Baeyens.

LR-7i-14-2-6 Investigation of the effects of three types of eyeglass

temples on attenuation of the SPH-4 helmet, October 1974.

By Ben T. Mozo, Alan L. Croshaw, James H. Patterson, Robert
T. Camp, Jr., Ron Marrow and Harvey C. Brand.

LR-75-15-2-7 Quality control test of real-ear sound attenuation charac-
teristics of DH-132 helmets manufactured by Gentex Corpo-
ration, lot 79, November 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Harvey C. Brand and Ron Marrow.

LR-75-16-3-2 Second (bump) test evaluation of P/N 791 as combat vehicle
crewman's helmet, November 1974.

By J. L. Haley, Jr. and Stanley C. Knapp.

LR-75-17-7-3 Field of vision study with Sierra CVC helmet, November 1974.

By David D. Glick, Chris E. Moser and Roger W. Wiley.

LR-75-18-2-8 Real-ear sound attenuation characteristics of the modified
Sierra P/N 791 CVC helmet, November 1974.

By Robert T. Camp, Jr., Alan L. Croshaw, James H. Patterson,
Ben T. Mozo and Harvey C. Brand.

LR-75-19-4-1 Evaluation of the system interface characteristics of the t

synthetic flight training system (2B24), December 1974.

By Richard Armstrong and Lewis Stone.

LR-75-20-4-2 Night vision system performance criteria, December 1974.

By Robert H. Wright.

LR-75-21-7-4 Reduction of undesirable light reflections within the crew
stations of Army aircraft: Part 1, December 1974.

By Frank F. Holly.
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LR-75-22-l-6 Perception and problem solving under stress, January 1975.

By William P. Schane.

LR-75-23-2-9 Quality control test of real-ear sound attenuation charac-
teristics of DH-132 helmets manufactured bv Gentex Corpo-
ration, lot 84, February 1975.

By Robert T. Camp, Jr., Alan L. Croshaw, Ben T. Mozo,
Harvey C. Brand and Ron Marrow.

LR-75-24-7-5 The attenuation of light transmission in Army aircraft wind-
screens due to slanting, February 1975.

By Chris E. Moser.

LR-75-25-2-I0 Investigation of a nonhardening ear pad for the SPH-4 helmet,
May 1975.

By James H. Patterson, Ben T. Mozo, Alan L. Croshaw,

Harvey C. Brand, Ron H. Marrow and Robert T. Camp, Jr.

LR-75-26-7-6 A visual comparison of standard and experimental maps using

the AN/PVS-5 night vision goggles, March 1975.

By David D. Glick and Roger W. Wiley.

LR-75-27-I-7 Aeromedical review of experimental high performance helicop-
ter hoist, February 1975.

By Frank S. Pettyjohn, Terry E. Gee, Lloyd A. Akers and
Stephen A. Evans.

1LR-75-28-7-7 Quantitative analysis of waveform characteristics of pupil-
lary reflex response to light in fatigue research, March

1975.

By Wun C. Chiou.

LR-75-29-7-8 Visible spectral transmission characteristics of windscreens

in Army aircraft, March 1975.

By Wun C. Chiou.

LR-75-30-I-8 Techniques in phospholipid analysis, March 1975.

By David B. Anderson and Martha L. Pitts.

LR-75-31-I-9 Vibration-induced osteoarthritis: An experimental approach

and references, March 1975.

By David B. Anderson and Roderick J. McNeil.

LR-75-32-1-I0 Evaluation of the Puritan-Zep emergency 02 mask, March 1975.

By Roderick J. McNeil and Frank S. Pettyjohn.

LR-75-33-3-3 Survey of SPH-4 visor housing failures, March 1975.

By Ernest B. Altekruse.

1
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I.R-75-34-7-9 Etfect of geometrical configurations of quartz fiber optic
bundles upon spectral transmission efticicn'v cf colicrent
and incoherent radiat ion sources, April 1975.

By Wun C. Chiou.

LR-75-35-1-11 Idiopathic lvpertrophic Sublart ic Stonosis ([1tSS) or .\sym-
metric Septal ly prtropliv (ASH)--A -- view and ('is report,
April 1975.

By Frank S. Pe tty ohn

LR-75-36-7-1 Comparat ive spectral stud ies oI scratched (un t reat d) and
pol ished (treated) U1I- I aircraft screens, April 1975.

By Wun C. Chiou.

LR-75-37-1-2 Pre, oxyg na t ion as a mCie) s of pr, vcntin dtcomp rcssion sick-
ness in militarv aviation: a iteriture revicw, May 1975.

By lDennis A. BatcVyns, Mary .1. Mvicr and Frank S. Petty john.

1LR-75-38-7-11 An experimon tal observation on coherent versus incoherent
polarization, JunC 197t.

By Wuli C. (t io,.

1LR-75-39-2-11 I)SA100-72-C-014i, lt o rt(0 -l-oar sound attenuation pertor-
*mance and limitetd t )ri It hi 011t iin/p)ilrcLhase description 53-70

comparison, June 197).

By Alan I.. Croshaw, ltarve'v C. Hlr~ind, .E. Hargett, Jr. and
Robert T. Camp, Jr.

LR-76-1-7-1 Synthetic spectra, August 1975.

By Wtin C. Chiou.

1LR-76-2-7-2 Infrared power spectral and transmission characteristics of
windscreens in Army aircraft, August 1975.

Bv Wun C. Chiou.

1LR-76-3-1-1 Aeromedical considerations in the use of pneumatic splints
in rotary and fixed-wing aircraft, August 1975.

By Frank S. Pettyjohn, Lloyd A. Akers, (eorge P. Rice and
Micaela (;argano.

LR-76-4-7-3 Effect of external paint color on cockpit interior tempera-
ture, August 1975.

By Wun C. Chiou.

LR-76-5-7-4 Photometric measurement of chemiluminescence - Cvalumt(k,
August 1975.

By Wun C. Chiou and Danny N. Price.
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1.R-76-6-1-2 An abbreviated anthropometric su rvtuv to confirm scat speci-
fications for the advanced scout he Ii copt e-r , lIv I Q 75

Bv William 1P. Schane.

IR-76-7--1-3 Evaluation of aeromedical evacuat ion ((qjt i pment Vi tal I pulse
moitor, September 1975.

By Frank S. Pettylohn and George 1'. Rice.

LR-76-8-1-4 Aeromedical evaluation of medsonics ultrasound stethoscope,
Model B4FA, October 1975.

Bv Frank S. PettVjohn and George P. Rice.

I.R-76-9-3-1 The effect of interior coloration on thermal loading in Army
aircraft, October 1975.

By J. Christopher Johnson and Mark S. Blackmore.

1,R-76-10-2-1 Real-ear sound attenuation characteristics of O!1-132 helmets
manufactured by (entex Corporation, lot 1, November 1975.

By Robert T. Camp, Jr., Alan L. Croshaw and Ben T. Mozo.

LR-76-11-1-5 Preliminary report: aeromedical evaluation UH-1 internal
personnel rescue hoists - western gear hoist model numbers
42277R1 and 42305R1, December 1975.

By Frank S. Pettyjohn, Lloyd A. Akers and George P. Rice.

1,R-76-12-2-2 Comparison of sound pressure levels produced bv two types of
engines in the 011-58 helicopter, January 1976.

By Ben T. Mozo and Robert T. Camp, Jr.

I.R-76-13-7-5 Visible spectral transmission characteristics of windscreens
in Armv aircraft: Part II, Januar 1976.

Bv Wun C. Chiou

LR-76-14-7-6 A comparison of the reflectance properties of an IF acrylic
base paint and Nextel Velvet Coating 101--CIO, January 1976.

By Frank F. Holly, Roger W. Wiley and David 1). Click.

LR-76-15-2-3 Real-ear sound attenuation characteristics and impact (bump)
tests evaluation of the proposed final modification of the
Sierra P/N 791 AVC helmet, February 1976.

By William R. Nelson, James t1. Patterson, Pierre Allemond,
Robert W. Bailey and Robert 1'. Camp, Jr.

LR-76-16-7-7 Infrared power and transmission characteristics of wind-

screens in Army aircraft: Part II, January 1976.

By Wun C. Chiou.

LR-76-17-3-2 Analysis of SP1-4 helmet performance from 1972-1975, undated.

By Bruce A. Slobodnik, Joseph L. Haley, Jr. and James 1.

1Patterson.
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LR-76-18-2-4 Noise levels in the AH-lQ equipped with a low glare (flat
plate) canopy, April 1976.

Bv Ben '1. Mozo and Robert T. Camp, Jr.

LR-76-19-2-5 Preliminary medical evaluation of the acoustic hazard from
the Weaponeer Rifle Simulator, June 1976.

By James H. Patterson, Ben T. Mozo and Robert T. Camp, Jr.

1,R-76-20-1-6 Aeromedical evaluation UH-1 internal personnel rescue
hoists, Breeze ECP-720 modifications, September 1976.

By Frank S. Pettyjohn, Lloyd A. Akers, George P. Rice,

Pierre Allemond, Stephen M. Bailey, Raymond T. Burden,
William F. Carroll and Thomas G. Harrison.

LR-76-21-l-7 Aircrew requirements for day/night and surge operations,

September 1976.

By William P. Schane and Michael G. Sanders.

LR-77-I-7-I Utilization of existing aircraft landing light as an artifi-
cial illumination source for A t/PVS-5, night vision goggles
training, October 1976.

By Wun C. Chiou.

LR-77-2-I-I Biomedical study of the military anti-shock trousers in the
normovolemic and hypovolemic dog, November 1976.

By Frank S. Pettyjohn and Lloyd A. Akers.

LR-77-3-2-I Noise levels measured in an AH-lS equipped with a low glare,
slightly curved canopy, January 1977.

By Ben T. Mozo and Robert T. Camp, Jr.

LR-77-4-2-2 Investigation of the effects of one standard and two experi-
mental eyeglass temples on sound attenuation of the SPH-4
helmet, January 1977.

By William R. Nelson, Claude E. Hargett, Jr., Ron H. Marrow

and Robert T. Camp. Jr.

LR-77-5-2-3 Real-ear sound attenuation characteristics of the Labaire
ear protector, February 1977.

By Robert T. Camp, Jr. and William R. Nelson.

LR-77-6-4-I Human factors evaluation of the 214A helicopter, April 1977.

By Richard Armstrong, Ronald Simmons, Gerald Krueger and
Raymond Burden.

LR-77-7-7-2 Night Vision Goggle, AN/PVS-5, modification for daytime
training, June 1977.

By Isaac Behar.

1
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LR-77-8-7-3 Lighting evaluation of the Bell 241A helicopter, June 1977.

By Frank F. Holly.

LR-77-9-7-4 Ambient light characteristics of a modified AN/VSS-4(XE-4)

search light system and a Fire Fly light system (FFIS), June
1977.

By Wun C. Chiou.

LR-77-10-7-5 Visual selection criteria for armored vehicle crewmen, June
1977

By John K. Crosley, Roger W. Wiley, Carol T. Bucha and Hal
Chaikin.

1,R-77-11-7-6 Lighting evaluation of the YUH-60A helicopter and tile Y~LT -
61A helicopter, September 1977.

By Frank F. Holly and Wun C. Chiou.

LR-77-12-4-2 Human factors evaluation of the AI-IS production helicopter,
September 1977.

By Richard N. Armstrong and James L. Wofford.

LR-77-13-1-2 Saturated heat oxygen/bleed-air nebulizer for resuscitation
of hypothermic casualties in air evacuation, July 1977.

By Frank S. Pettyjohn, Joseph C. Denniston, Gary I). Pollard,

John C. Kelliher, Lloyd A. Akers, and Charles F. Piper.

LR-78-1-7-1 Optical evaluation of the All-IS slightly boded canopy,
October 1977.

By Frank F. Holly, Isaac Behar, David 1). Click and Wun C.
Chiou.

LR-78-2-2-1 Noise levels measured in the first run production models of
the AH-1A Cobra helicopter, October 1977.

By Ben T. Mozo and Robert I. Camp, Jr.

LR-78-3-7-2 High intensity illumination evaluation on the terrain model
board light bank of the CH-47 synthetic flight trainer svs-
tem (SFTS), November 1977.

By Wun C. Chiou.

LR-78-4-4-1 Human factors evaluation of the CH-47C synthetic flight

training system (2B31), November 1977.

4 By Richard N. Armstrong, John H. Sapp and Gerald P. Krueger.

LR-78-5-7-3 Optical characteristics and distortion evaluation of I'TTAS
aircraft YUH-60A and YU'H-61A windscceen transparencies,

November 1977.

By Wun C. ChioU.
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1,R-78-6-7-4 Night vision goggle training in the 2B31 synthetic flight

trainer simulator, November 1977.

By Isaac Behar.

LR-78-7-3-1 After-wear impact evaluation of the personnel armor systems

for ground troops (PASGT) helmets, January 1978.

By John D. Current.

LR-78-8-8-1 Army aeromedical evaluation of the United Kingdom prototype
aircrew NBC defense assembly, December 1977.

By Raymond T. Burden, Jr.

1,R-78-9-3-2 Evaluation and comparison of the center of gravity location
of the PASGT and the M-1 infantry helmets, December 1977.

By Ted A. liundley.

LR-78-10-7-5 Ihead aiming/tracking accuracy in a helicopter environment,
March 1978.

B' Robert W. Verona.

LR-78-11-1-1 Toxic gas analysis evaluation of the Casey heater, March
".78

Bv (,arv In Pollard, Charles F. Piper and Joseph C.
IDul1n iston.

LR-78-12-1-2 Ev"int ion t exhaust contamination of the CI1-54 troop car-
rving POD) d1ring airborne operations. April 1979.

By (iar 1). P,! lard , Bruce F. Hiott and Joseph C. Denniston.

LR-78-13-2-2 lnt.vrn al noisv characteristics of a US Army C-12A aircraft
April 1q7S.

By Robert T. Camp..Jr. and Ron H. Marrow.

LR-78-14-1-3 Design and installation of an oxygen system for use in th,,
C(1-47, May 1978.

By Bruce F. Hiott, Charles F. Piper and Joseph C. Dennis ton.

LR-78-16-7-6 Field of view and windscreen distortion test of flat-platte
observation helicopter canopy (OH1-58C) , June 1978.

By Wun C. Chiou.

[R-78-17-7-7 Contrast enhancing eve shields for daytime training with
night vision goggles, AN/PVS-5. June 1978.

-Bv Isaac Behar.

LR-78-18-7-8 Coniophotometric evaluation of landing li.ght ditfus,.rs for
night vision goggle training, June 1978.

By Isaac Behar.

I
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LR-78-19-2-3 The Modification of the AN/PRC-70 transceiver, July 1978.

By Robert T. Camp, Jr.

LR-78-20-2-4 Sound pressure levels produced by an ALQ-144 infrared sup-
pressor, September 1978.

By Ben T. Mozo, Ron H. Marrow and Robert T. Camp, Jr.

LR-79-1-3-1 Visual performance criteria to define specific requirements

for the US Army Research and Technology Laboratories'
(USARTL) helicopter simulator - (Helicopter flight imagery:

Eye and head movement), January 1979.

By Ronald R. Simmons, Michael W. Melton and Kent A. Kimball.

LR-79-2-3-2 An evaluation of the lighting of the tactical air traffic
control tower (TSW-7) for blackout and night vision goggle

compatability, January 1979.

By Gerald P. Krueger, Frank F. Holly and Ronald R. Cisco.

LR-79-3-3-3 Bio-optic and human factors evaluation of the OH-58C heli-
copter with improved flat plate canopy, January 1979.

By Gerald 1'. Krueger, Richard . Armstrong. 1un C. Chiou

Franklin F. Hollv and David D. Click.
LR-79-4-2-1 Preliminary evaluation of the Hewlett-Packard ear oximeter

in Arm%, aircraft, March 1979.

By Jeffrev K. Kessler.

LR-79-5-5-1 Evaluation of toxic gases in the cockj of the OH-58C, May
lq7Q.

By Gary D. Pollard, Jonathon P. Stroud and 'iimothy L.
Hargrove.

1,R-79-6-3-4 Operational evaluation of cattlehide leather/Nomex flyers
gloves, May 1979.

By Gerald P. Krueger, Jonathon P. Stroud and Gerald L.
Johnson.

LR-79-7-2-2 Bio-optical evaluation of UH-lH armor windshield, June 1979.

By Isaac Behar and Frank F. Holly.

I.R-79-8-2-3 Acoustic evaluation of the AN/APR-39 radar warning detector,
June 1979.4
By Ben T. Mozo.

I R---l1- I VIPER exhaust burn hazard, ,tne 1979.

W.' Fr;nic i s ,. Knox , I II

I()-2- Ke.i l-.car ,olnld at teniat ion measurements on Bi lsom Propp-O-
}'l ;Ist - 'I di sposalhi t h aring pr tective dCv ice, ,ulv 1979.

- I d nhI~mll i-dmdum llmu am I~n, ,a. -rammI ' - •-
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Bv I d s t v rnten.

IR-74-11-2-5 Chaiacteristics of headsets used with RI.M1S svstems, Septem-
ber 1979.

By Ben T. Mozo and Ronnv 11. M;arrov.

LR-79-12-3-5 Human factors evaluation of the All-I Cobra attack helicopter
synthetic flight training system, device 2133, Septemher 1979.

Bv Gerald P. Krueger, Ronald R. Cisco Ben T. Mozo, Jerod L..
(oldstein and Frank F. Pollv

I.R-79-13-3-6 Human factors in aviation saletv: Psvchology, medicine and
enyineering, September 1979.

Bv Gerald P. Krueg;.r.

l.1-110- --3-1 Mathematical formulation and comput-r analvsis of minimiza-
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75-17-7-3, 75=26-7-6, 76-14-7-6, 77-10-7-5
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Wofford, James L. - LR-77-12-4-2
Wright, Robert H. - LR-75-20-4-2

Zimniet, Sidney -Apr 66
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Acceleration - Mar 64
ArcCIdent reporting form - Dec 67
Accidents - Apr 68, LIR-74-29-3-6, 80-5-3-2

AcoIstic propcrt ies - Nov 68, 1,R-74-1 1-2-6 75-39--1
Acoust ics - t.R-79-8-2-3

Adaptat ion , v istial - I.R-75-.)-7-2
Aerial spraying - Apr 6,8

Aerodynamics - Inda ted, p , Mar 608
Afterimages - I.R-75-1-7-1
Aircraft engine noise - Oct 64, Oct 65, Jun 60 , Jul 6, Nov 67, Dcc 67,

Oct WS, ()ct 69, DCC (IL), LK-71-0-2-3, 72-)-) ,76- 12- - 2 , 78-2-2-1 , 78-1 8 1 -,14--l- i, L-) '-

Aircraf t Iires - Apr 68, t.R-73-6-3-2

Aircraft seats
Set.

'' Seats, aircraft
- Aircraft types

see also
Hel icopter types

Aircraft tvpes/C-12A - IR-78-13-2-2
Aircraft tvpes/C-45 - 1,R-72-5-3-2
Aircraft tvpes/CV-7A - Oct 64
Aircraft tvpes/OIi-6A - Nov 67
Aircraft tvpes/ok-1 Mohawk - May 70
Aircraft tvpes/OV-l-I) - Sep 70
Aircraft types/U-I O.\ - 1R-72- 3-1-1
A Aircraft tVpes/U-21A - Dec 67
A ircraft tvpes/Y1!-54A - Oct 65
Aircrew ,,uirements, combat - I.,,-76-21-1-7
Aircrew : ection - L.R-7 1-8-1-2
Alt itude - 1.-82-5- 5-i
Anthropometrv - l)'cc 67. I.R-72-8- i- i

Ant i-intrusion dcvices - [.[-74-I 1-2-6
Ant ishock trotiscrs - I.R-7r- -I-- 1 , 77-2-1-1
\svmrt r ic Sept iI 11%'pert rophv (AS) - .8-75-15-1-11

Aux i I iarv power tin it s - .\pr 7H
,viat ion sat .tv - 1.R-7.-1 1-1,-6
,Av iat ors h b, i 1 t I im it at ion - cb (0

Burn hazard - [.R-79-9-1-1

!Iurns - LR-7 1-4-1-!

L(arhon %lonox ,Ic - Oct 64, * ,ar 67. Jul (-, Sep 1 ,- Ot - ov I , "r >

Apr 6,'. Jtun 6,i, Sep ( F+ ho, Ma ir 0,11, 'av ( it: .T 614

Scp 69, Dec ho, Mar 70, lR-7",-I-I-I, 7-12-I-2
(lentr',igal force - May 68
Chem iminecenc - .-- 5-7

Sbin babble I.R-71-2-2-1
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Clothing, protective - Dec 65, LR-71-3-3-2, 73-6-3-2, 73-7-3-3
Cold - Jun 68, LR-76-4-7-3, 76-9-3-1
Cold stress - Jan 70, LR-76-4-7-3

Color vision - LR-73-1-2-I
Combiners - LR-81-1-2-1, 81-7-2-6
Communications systems/ARC-98 - LR-74-4-2-I
Contact lenses - LR-80-3-5-I
Control towers - LR-79 2-3-2
Cooling fans - LR-73-l0-2-4, 74-32-2-21
Cooling systems, aircraft - Sep 70
Cooling systems, helmet - LR-74-2-3-1
Crashes

see
Accidents

Crashworthiness - LR-82-3-4-1

1 Cyalume - LR-76 5-7-4

Decompression sickness - LR-75-37-1-2
Degradation products, fiber and dye - LR-73-4-1-1
Diffusers, landing light - LR-78-18-7-8
Directories - Consultants on weapons exhaust/toxic hazards - Aug 67
Disorientation - Mar 64
Distortion, light - LR-78-5-7-3
Distortion, visual - Jan 70, LR-72-6-2-4
Downwash - Undated, pi, Feb 67, Oct 67, Oct 69
DRIMS system - LR-79-11-2-5

Ear protectors, Labaire - LR-77-5-2-3
Ejection, Sep 69
Ejection seats - LR-72-8-3-3
Electromvography - LR-74-10-1-3
Electronic testers - LR-82-4-5-3
Equine infectious anemia - LR-75-9-l-4
Escape systems, aircraft - Undated, pl, Mar 68
Exhaust - LR-79-1-1
Eyeglasses Mar 70, LR 75-14-2-6, 77-4-2-2, 83-2-2-1

Fatigue (Physiology) - LR-75-28-7-7
Fiber opt ics - LR-75-34-7-9
Fires

see
Aircraft fires

Flammability testing, helmets - LR-72-17-3-5, 73-9-3-4
Flash suppressors lsJul 70

Flight instruments - Feb 71
Forward Looking Infrared Svstem (FLIR) - Feb 71

Gases, Toxic - Undated, pl, Apr 66, LR-74-6-1-2 74-33-1-5, 78-11-1-1,
78-12-1-2, 79-5-5-1, 80-6-3-3, 80-7-3-4, 82-7-3-1

Clare - I.R-75-21-7-4, 80-1-3-1, 80-2-2-1, 81-8-2-7

G I ovs - 79-6-3-4
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Goggles, anti-laser - 1R-73-]-2-1

Grenade launcher - XM-129 - Jul 68

Harness assemblies - LR-73-3-3-1

Hat Matrix - LR-g3-3-5-2
Headsets - LR-79-II-2-5
Hearing protection - May 70, LR-72-12-2-6, 77-5-2-3, 79-10-2-4
Hearing protection, DH-140 helmet - LR-80-9-2-3
Hearing protection, DH-132 helmet - LR-72-19-2-9, 74-12-2-7, 74-13-2-8,

74-14-2-9, 74-15-2-10, 74-16-2-11,
74-17-2-12, 74-18-2-13, 74-19-2-14,
74-20-2-15, 74-22-2-16, 74-23--2-17,
74-24-2-18, 74-26-2-19, 74-31-2-20,

75-4-2-1, 75-7-2-3, 75-10-2-2,
VT 75-12-2-5, 75-15-2-7, 75-23-2-9,

76-10-2-1, 81-6-2-5
Hearing protection, Sierra P/N 791 CVC helmet - LR-75-18-2-8, 76-15-2-3
Hearing protection, SPH-4 helmet - Sep 69, Dec 69, Dec 69, Dec 69, Jan 70,

Apr 70, May 70, 73-5-2-3, 74-7-2-3,
74-8-2-4, 74-9-2-5, 75-14-2-6,
75-25-2-10, 77-4-2-2

Heat - LR-72-13-2-7, 76-4-7-3, 76-9-3-1
Heat stress - Feb 68, Jun 69, Sep 69, Sep 69, Dec 69, Jan 70, Jan 70
Heating systems, aircraft - Mar 68, Dec 69, LR-78-11-1-1
Heating systems, simulators - LR-72-7-I-1

[- - Height - Sep 68, LR-72-3-3-l, 72-5-3-2
Heliborne crash/rescue fire suppression system (CRFSS) - Apr 70
Helicopter engine noise

see

Aircraft engine noise
Helicopter types/AH-1 Cobra - Oct 67

Helicopter types/AH-iA - LR-78-2-2-1
Helicopter types/AH-iB - Jul 66

Helicopter types/A-IS - LR-77-12-4 2
Helicopter types/AH-56A - LR-71-5-1-1
Helicopter types/Bell 241A - LR-77-6-4-l, 77-8-7-3

Helicopter types/Boeing Vertol 347 - LR-72-2-2-2
Helicopter tvpes/(.H-47A - Dec 65, Jun 66, Nov 67, Dec 67
Helicopter types/CH-47B - Oct 67, Nov 67
Helicopter types/CH-47C - Oct 69, Nov 69, LR-72-I-2-I
Helicopter types/CH-54A - Oct 67
Helicopter types/Hiller FHII-O0 - Mar 67

Helicopter types/JC!-47A - Nov 66
v I icopt, kr tvpes/LOll - Sep 67

Hl Ii cop t r t vpes /0|!-6A - Jan 67, May 68
HIlicopter types/t11-58A (Kiowa) - Sep 69, Dec 69. Jan 70
He 1 icopt er t vpe s/U'P- 1 - 1R-7 1-2-2-1
1e I )ot t r t vpes/ F-lB - Jul 66
FliI itopt ,r t vp.%s/Yll-60A - lR-77-11-7-6
li k i( opt, t tvpes/Yii-hlA - 1,R-77-11-7-6
lit.Irict ' l,'I - I.R-82-9-4-2
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Helmet types/APIt-5 - Sep 69
Helmet types/CVC - LR-72-18-2-8
Helmet tvpes/DI-132 - LR-72-17-3-5, 72-18-2-8, 72-19-2-9, 73-9-3-4,

74-12-2-7, 74-13-2-8, 74-14-2-9, 74-15-2-10,
74-16-2-il, 74-17-2-12, 74-18-2-13, 72-19-2-14,

74-20-2-15, 74-22-2-16, 74-23-2-17, 74-24-2-18,
74-26-2-19, 74-31-2-20, 75-4-2-1, 75-5-2-4,
75-7-2-3, 75-10-2-2, 75-11-3-1, 75-15-2-7, 75-23-2-9,
81-6-2-5

Helmet tvpes/DHt-140 - LR-80-9-2-3
Helmet types/Integrated helmet and display sighting system - .R-82-6-2-!
Helmet types/P/N 791 - LR-74-30-3-7, 75-16-3-2, 75-18-2-8, 76-15-2-1
Helmet types/PAS(,T - 1R-78-7-3-1

Helmet tvpes/SPH-4 - Sep 69, Dec 69, Dec 69, Dec 69, Jan 70, Apr 70, May 70,
1LR-73-5-2-3, 74-7-2-3, 74-8-2-4, 74-9-2-5, 75-14-2-6,
75-25-2-10, 75-39-2-11, 75-33-3-3, 76-17-3-2, 82-4-5-3

Helmet types/Sierra CVC - LR-75-17-7-3
Helmet types/T56-6 - I.R-72-16-3-4, 73-9-3-4
Helmets - Dec 68, LR-80-8-3-5
Helmets, motorcyclist - 1R-81-2-4-1
Helmets, parachutist - 1R-74-28-3-5, 75-11-3-1, 81-10-2-9
High survivability test vehicle (lightweight) - LR-82-3-4-1

StHoists - LR-75-27-1-7, 76-11-1-5, 76-20-1-6
Human factors - LR-77-6-4-1, 77-12-4-2, 78-4-4-1, 79-3-3-3, 79-13-3-6

Hypothermia - - 1R-77-13-1-2

Idiopathic hypertrophic suhaortic stenosis (ItSS) - I.R-75-35-1-11
Impact testing - LR-74-28-3-5, 75-11-3-1, 75-16-3-2, 76-15-2-3, 78-7-3-i,

80-8-3-5
Impulse noise - Aug 65, Dec 65, Nov 67, Dec 67, lul 68, Jul 68, Mar 69,

Oct 70, LR-72-4-2-3
Infrared exhaust stacks - IR-80-7-3-4

- Infrared radiation - 1,R-76-16-7-7

Infrared suppressors - I.R-78-20-2-4
Instrument flight - Undated, pl
Integrated helmet and display sighting system (IttADSS) - 1R-81-1-2-1

81-7-2-6, 82-6-2-1

Lactate dehydrogenase - 1,R-75-13-1-5
Landing control centrals - May 7G

Light - LR-76-1-7-1
Light transmission - LR-75-24-7-5, 75-29-7-8, 75-36-7-10, 76-13-7-5,

76-16-7-7
Lighting - Jan 67, Oct 67, Jan 69, Sep 69, May 70, LR-72-6-2-4, 77-1-7-1,

77-8-7-3, 77-9-7-4, 77-11-7-6, 79-2-3-2, 80-4-2-2
Litters, field - May 68
Louvred scarfed shroud suppressor (LSSS) - LR-81-3-2-2

Low level flight - LR-74-l0-I-3

Machine gun - XM-134 - Jul 68
Maps. aviation - Apr 68, LR-75-26-7-6
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Masks, CBR, M-24 - Apr 67, Jan 68
Masks, oxygen - LR-75-32-I-10, 80-10-3-6

I' Medical evacuation - LR-75-8-I-3, 77-13-1-2

Mine detectors - LR-74-11-2-6
- Missile/Arrow - LR-74-33-1-5

Missile/ANSSR III - LR-74-6-I-2
Missile/Hellfire - LR-82-7-3-I
Missile/M551 - May 69
Missile systems - LR-72-11-I-3
Myocardial infarction - 1,R-75-8-1-3

K Nap-of-the-earth flight - LR-74-I0-1-3
NBC defense assembly - LR-78-8-8-1
Nebulizers - LR-77-13-1-2
Night vision devices - LR-75-1-7-1, 75-2-7-2, 75-20-4-2, 75-26-7-6,

77-1-7-1, 78-6-7-4, 78-17-7-7, 78-18-7-8, 80-4-2-2
Night vision devices, daytime use - LR-77-7-7-2
Noise

see also
Aircraft engine noise
Impulse noise
Noise attenuation

Noise - Aug 68, LR-73-2-2-2, 73-10-2-4, 76-18-2-4, 81-3-2-2
Noise attenuation

see also
Hearing protection

Noise attenuation - May 68, Nov 68
Noise, ALQ-144 infrared suppressor - LR-78-20-2-4
Noise, auxiliary power units - Apr 70, LR-72-I-2-I
Noise, communication systems (ARC-98) - LR-74-4-2-1

• Noise, flight simulator - IR-72-9-2-5
Noise, landing control central - May 70
Noise, mine dispersing subsystem (XM-56) - I.R-74-5-2-2
Noise, searchlight system - Mar 70
Noise, turn~ine test cell - LR-71-4-2-2
Noise, Weaponer Rifle Simulator - LR-76-19-2-5
Nystagmus - LR-72-10-1-2

Optical insert, type 3R1 (64mm) - Jan 68
Optical properties - Apr 67, LR-75-36-7-l0, 78-1-7-1, 78-5-7-3, 78-16-7-6
Osteoarthritis - LR-75-31-I-9

.- Oximeters, ear - LR-79-4-2-I

Oxygen - LR-75-37-I-2
- Oxygen s, stems - LR-78-14-1-3

Oxygen tension, corneal - LR-80-3-5-I

Paint, aircraft - LR-76-4-7-3, 76-9-3-1, 76-14-7-6
Parachutes - Mar 68, Sep 69

*. Parachuting - Undated, pl, Undated, pl, Undated, pl, Jun 68, Sep 69,
LR-71-i-3-i
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Personnel lowering devices 1,LR-73-3-3-1
Personnel selection -77-10-7-5

Phonocardiography -Undated, p1
Phospholipids -' LR-75-30-l-8
Photographs, aerial - LR-75-6-l-2
Physical fitness - Jul 68
Physiological testing -LR-73-8-l-2

Polarization, light -LR-75-38-7-ll

Preflight planning -LR-75-6-l-2E Preoxygenation - LR-75-37-l-2
Pulse monitors - LR-76-7-l-3
Pupillary reflex response - LR-75-28-7-7

Radar warning detectors - LR-79-8-2-3
I ItRandom digits - LR-82--2-5-2

Reflect ion

s,2e also
Clare

Reflection - LR-75-21-7-4, 76-14-7-6, 80-1-3-1, 80-2-2-1, 81-8--2-7
Rescue equipment -LR-76-ll-l-5, 76-20-1-6

Rescue operations -Apr 68, Apr 70
Respiration - 1,R-74-27-1-4, 82-5-5-4
Rifle simulator, Weaponeer -1,R-76-19-2-5

Rotor systems - mldel 540 -Jul 66

Sample surveys 1,LR-82-1-5-1
Search lights -Mar 70, 1,R-77-9-7-4
Seat belts, aircraft - 1,R-74-21-3-3, 74-25-3-4
Seats, aircraft - 1,R-76-6-1-2, 83-1-5-1
Shock - 1LR-75-3-1-1, 77-2-1-1
Shock producing devices - 1,R-74- 3-3-2
Simulators, flight - Undated, p1, Oct 64, 72-7-1-1, 72-9-2-5, 75-19-4-1,

79-3-7-2, 78-4-4-1, 78-6-7-4, 79-1 -1 -I,7-1-
Skv hook litter sys-tem - May 68
Snakebi t e - Nov 68
Souind at tentat ion

Noise attenuiation
Soundproof ing blankets, aiircraft - MIay 68. Nov 68

6Splints, pnieumatic - LRZ-76-3-1-1
Stanford-Binket PBibl iographiv- .-- 1--
Stat ic tear st reng th It .----
St~t toscope, tilt rasound - LR-76-8- 1-4
Stress - 1,R-75-22-1-()
Stress (Phiysiology) -Feb 6 4

0 Survev techniquies -1,R-82-1 -5-1
Survival ktann - S e p 74--
Survival krisn - Sep 7-3 612
Stirvival vests - 1,R-74-27-1-4

Svnoy ia 1 f Ii id( - 1,R-8 1-5-2-4
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Tactical radar threat generator (TRTG) - LR-80-6-i-3
Target acquisition - LR-78-I0-7-5

Temperature
see
Heat

Cold
Terrain model board - LR-78-3-7-2
Toxicity - Feb 68, Apr 68
Toxicology, aviation - Dec 64

Tracking devices, helmet mounted - LR-7:-Ir)-7- ,
Trainer, HT-IA - Oct 68
Transceivers - LR-78-19-2-3
Transmission, rotor blade - LR-81-9-2-8

Velcro fasteners - LR-73-7-3-3
Vertigo - LR-72-I0-I-2
Vibration - Mar 66, LR-75-31-1-9, 81-5-2-4, -l-
Visors - Feb 70, Dec 71, LR-72-13-2-7, 75-31-1-1
Vision - LR-77-I0-7-5
Visual cortex - Undated, pl
Visual fields - LR-72-18-2-8, 73-1-2-1, 75-17-7-1

Visual performance criteria - LR-79-I-3-1
Vivaria - May 70

Warning signals, audio - Mar 68

Weapons exhaust - Undated, pl, Apr 66, Nov 66, Jul 67, Sep 67, (ct 67,
Feb 68, Apr 68, Jun 68, May 69, Sep 69, 1,R-74-33-1-5,

82-7-3-1
Weapons systems/7.62 minigun - Jul 70

- Weapons systems/XM-8 - Mar 69, Mar 69
Weapons systems/XM-21 - Dec 65
Weapons systems/XM-23 - Aug 65, Apr 68
Weapons systems/XM-27El - Nov 67, Jun 69
Weapons systems/XM-35 - Feb 69, Oct 70
Weapons systems/XM-41 - Dec 67
Weapons systems/XM-56 - 74-1-1-1, 74-5-2-2
Weapons systems/XM-59 - Jun 68
Weapons systems/XM-140 - Mar 70
Wechsler Bibliography - LR-72-15-1-5

Weight - Sep 68
Weight reduction - Undated, pl
Windshields, aircraft - Sep 69, Jan 70, LR-72-6-2-4, 75-24-7-5, 75-27-7-8,

75-36-7-10, 76-2-7-2, 76-13-7-5, 76-16-7-7,
76-18-2-4, 77-3-2-1, 78-1-7-1, 78-5-7-3, 78-16-7-6,
79-3-3-3, 79-7-2-2, 81-8-2-7

XM-21 protective fire sub-system - Dec 65
KM-23 lightweight protective fire sub-syste-m -Aug 65

Zippers - LR-73-7-3-3
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